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The formation of a z a b i c y c ~ i c  cuupolulas by tne i n w r m ~  

a d d i t i o n  of' an arninium o r  amldo r a d i c a l  L O  a cyclonexene c r  

cyclopentene moiety w a s  examined. 'L'he rac l ica ls  were den- 

ernted i n  s o l u t i o n  by t h e  photocnemical c leavabe 01' &fie 

N-N bond of N-nitrosamihes o r  h - n i t r o s a a l a e s ,  ~ n o t o c u e d -  

Ical cleavage of the N-C1 bond of li-cnloramides, o r  cne 

r e a c t i o n  of i r o n  salts with a n  1J-cnloraaine. 'I'ne p o s i t i o n  

of t h e  o l e f i n  r e l a t i v e  t o  the  r a d i c a l  a t ' lesced cne y l e i d a  

of the b i c y c l i c  products.  K-nitroso compounus in  iue~nancli 

o r  benzcne under n i t r o g e n  gas gave a rmge bf 5O-9Op 

y i e l d s  of 5-member a z a c y c l i c  coorpounds wnen reac t e a  w i  tn 

a p  5 J 6-o le f in  ( r e l a t i v d  t o  the r a d i c a l ) ,  ana a 2j-jS& y i e i u  

b,7 of c y c l i c  products  wnen r e a c t e d  wi tn  a A -o lef in .  b- 

ohloro-N-methyl-3-cyclohexene-1-carboxanie ~ a c t o c n e m l o a l i y  

g i v e s  a 72% y i e l d  of y -1actams. N-ni trcso-N-metnyl-2- 

cyclohexene-1-carboxamide gave a 44s y ie ld  GI 8 -lac tam, 

b u t  the r eao t ions  of o t h e r  &-n i t roso  and 1%-cnicrro comkounus 

oonta in lng  a b4,5 o l e f i n  gave predominantly B - s c i s s i o n  anu 

hydrogen-abstraction yroduc ts without a c y c l i c  compound 

beine; i s o l a t e d .  The oarbon r a d i c a l  in t e rmedia tes  r e s u l t i n d  

from tne  c y a l i z a t i o n  of arninium o r  amldo r a d i c a i s  wltn a 

b 5 # 6  o l e f i n  can be trapped under oxygen t o  iorm n i t r a t e s  



and n i t r a t e  decomposition products  in a jO-ba,% yie la ,  or 

reaoted  w i  t n  brorno trichlorometnane so lven t  LO i'orm a 

55-85$ y i e l d  of the  bromo-substi tu t ed  coapounas . 
The aromatic subs t i t  u t ion  r e a c t i o n  01 tile aminium 

r a d i c a l  der ived  from yhotocnemiua~ly  e x c i t e a  11-nicroso-A\- 

methylphe!iethylainine o r  the  r e a c t i o n  ot n-cnioro-h-metnyl- 

phene thylamine gave p r e f e r e n t i a l l y  '$ -scission and nyarogen 

a b s t r a c t i o n  products.  

An e l e c  t ronega t ive ly  s u b s t l  t u t e d  olei'in was r o u a  

t o  be requ i red  f o r  the  l n l t i a t c r  c a t a l y s e u  AU-ctLiorwnine 

in termoleaular  r a d i c a l  a d d i t i o n  t o  &redomiria t e  over  cne 

elec t r o p h i l i c  cn lo r inab icn  r e a c t   on, I r ~ t e r u c l e o u l a r  rau- 

i o a l  a d d i t i o n  of N-ni t rosopi te r ra lne  In acid coulu n o t  De 

i n i t i a t e d  wi th  o t h e r  r a d i c a l s  o r  i r o n  salts. 

The exc lus ive  preference  i o r  tne  oenzyl ic  rlydroden 

t o  photoel lminate  i n  N-nitrcsocetranydr~isoquir~cilne was 

demonstrated and the  et'f ec  t of oxygen on 11-nicr.cjso@periulnc 

~ ~ h o t o e l i r n i n a t i o n  reac  t l o n s  was exaru;Lr~ect. i n e  quarl tum y i e ~ a  

of the photochemical disappearance of  N-nitroaodimethylamine 

was determined t o  be l e s s  c h m  0.4 In aqueous a c i d ,  

I n v e s t i g a t i o n  of t h e  g a s  chroma togralhy of low molecu~ar 

weight amines and t n e  s g e c t r a  of amiaox~ine-me~al  oca~plexes 

proved these  methods were inauequa te t 'or sruali-scaie 

qumtum y i e l d  product a n a l y s i s ,  
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The ohemietry pertinent to tnls tneeis can be 

disousseU under the general classifioations of aainium, 

amino and amido radioals; and intramolecular addition to 

oleflns, particularly with regard to the formation of 

hsterooyalio compound8 , 

1-1 Nitrogen Radicals 

Aminium radidals ( o a t  ion ambe radioals) are usually 

generatea by the photolyeis of a N-nitrosamine-aoid complex 

(1-3) or by the homolytla oleavage of N- halaminee in the 

preeence of a strong acid (4-9) .  The reaction of N-halrrPines 

with metal ions, e . g ,  or ~ i 3 + ,  in a neutral aedlru 

(10,ll)pra'teolbSy twel#r an arinium radaarl--1 ion 

ooordination ~ g e o i e s  an8 shows aminiwsl radioal oharaoter- 

t i  (1 5 )  Other m thods of generating aminium 

radioala Invol.ve the reaction of metal ions witn hydroxy- 

lamine (12,13), hydrolylemine-0-oulfonio aoids (14) or 

tertiary aml.ne oxides (l5), or ti#%@ Y-irradiation of 

protonated aminesl (16). The preparation (l7-21), 

properties, and non-radioal reaetione of bi-nitrosarabes 

(19-31), a,e wall a8 the preparation (4,7,32) and non- 

radioal reao tions of N-, halambee (7,33035; see however 

36-38) are well dwwnted. 

The reaotion of aainium radioals follow the lowest 



aot ivat ion  energy path,wUoh i s  determined ~y the aainium 

radioal strw ture , the experimental c-i UGAS and the 

ava i lab i l i ty  of the other reaotant molecules. The 

e lee trophi l io  nature of the aainium radical m s  been deamw 

atrated by a decrease in the amount of intermoleoular 

addition when e i ther  the arninium radical (39)  or tne o le f in  

i s  substituted with eleotron-witndrawing grouys (1 ,39) .  

Examplee of the aminlua radical reactions are given below 

(Eq 1.1-1.12) in an approximate order of inoreasing yre- 

ferenae for the illust~atbd pathway. For example, inter- 

moleoular ~ d d i t i o n  to  an o l e f i n  (Eq 1 .9 )  w i l l  usually 

oaour farster tban hy&roar;en abetrsrotion ( E q  l o b ) .  





Hsny of the above aminiu radical reaotiorujl using 

N-ohloraobinea require high aoid conoentrationa. Yor 

example, the aminetion of benzene (4 1.1) or the iatra- 



moleoular hydrogen abstrao tion reao tion ( E q  1.3) cloes not 

ocour when #-BibutyLnitrol~ePPine ia photolyzed Ln a 0.05 

Molar trifluoraoetie acid-benzene solution; instea& tas 

amidoxim yroduot ie formed (Eq 1.5) (4.4). Similarly, 

this work also shows that other pathways of arninium radicals 

prevail over intramolecular amination in the yhotolysis of 

N-nitroso-N-me thylphenethylamine at lower aoid aoment- 

rat ions. 

That the oonditions in whioh the aminiukl radLoal 

ia generated oan play an important role is illustrated 

by the work of Neale (4) With N-crhloramines. At high 

aoid czoncrantrations a oompatitivs el80 tropkilio addl tion 

of ~ 1 +  to eiqple olefins ooours. When a fast ionio 

a8ditlon removes the olefinio oentre, the auriniua radioal 

has available only the lees favored abstrastion patnways, 

e,g., Hofmrnn-bfi'ler roerotion, Rq 1.3. Eleo tronegative 

subertituents on tlhe olefin effeotively retard the lonio 

meohaniaa and allow radioal addition produots to be ootained. 

In this work we ahall show that ionlo addition produots 

pmdomirmte with, alkyl olefins when the generation of an 

aminium radioal , by ~l~ll*ini t ia tion, is inefficient . 
In the photoohemioal reaotione of N-chlorrraineo 

the N ,bidiohloramIne, curd possibly sowe imyuritiea s W  

as Clp8 have bean postulated as the initiators (45). 

Initiation big aocb tylhyp~ohlori te is ehown to be absent 

in this worb;. 

*a , a -azo-l&-isobuyroni t r i le  



The e leo  t ron sp in  resonance ( e a r )  spect ra  of 

alninium and aidno r ad ioa l s  have been recent ly  reported 

(16, 46-50) and the speotra  of both agree w i t h  a plener 

uonfiguration, l e e . ,  n- rad loa l  (46,48). Ln oont ras t  t o  

the f a c i l e  add i t i on  reaot ions  of a m i n i u m  radioah, there 

are only a few suepeoted oases of amino radical additions 

to  'o lef ins  (51-55). A t  least in one oaae (32) an a l l y l i c  

aba t rao t ion  would auoount f o r  the products ( 5 0 ) .  SCP ami 

CI oaloula t ions  have ahom trust can amino radLual addition 

to  an o l e f i n  requ i res  an ao t iva t ion  energy as nlga as 35- 

40 koal,/mole (57). The sucoess of  amino r ad ioa l  Intra- 

moleoular add i t ions  of N-ohloramher (38,53,34) may be 

8ue t o  a favorable  geometry f o r  the t r a n s i t i o n  staw of 

an in te rno lsou la r  reaot ion,  as w i l l  be discussed later. 

Alternately, an ino iden ta l  generat ion of' 001 by side 

reaot ions  m y  supply the necessary ao id  t o  oreate omlniu 

radiosls, 

The anino r ad ioa l  does not form Hofrennn-~offler 

reaot ion products, even when euok a reao t ion  i e  poss ible  

(58X but un8ej!goer intermoleoular hydrogen abs t rao  t i o n  

(59-61), ooupllng, o r  oambisation and d i s p r o y o r t i o ~ t i o n  

reaet ione (62-65). An exaaple of the last reao t ion  is 

the photolyeis  of Bi-nitrosamines in the gas  phase (Eq 5.13) 



The e a r  epeotra h i t i a l l y  reported to  be of amldo 

rad ioa l s  (67-69) were later suggested t o  be of nitroxides 

( 70,71) , but the poa t ula ted oradioal  s trim cure m e  

oonfirored ( 7 0 ) .  Amido r aa loa l s ,  generated f ro@ either 

PI-nl troeamides (72-75) o r  N- h i a m i d e a  (4,76078) undergo 

i n t e r -  and intrarnoleoular hydrogen a b s t r m t i o n  and elimin- 

a t ion  (Q 1.14). The prefergnoe 

f o r  6-hydrogen a b s t r w t i o n  of the N-alql side-onain 

Eq 1 . 1 5 ~ )  over the 6 -hydrogen of the acy l  side-cnain 

Eq 1.15b) and the l ack  of 0-radloal r e a c t i v i t y  in hydrogen 

abr t r ao t ion  has been demonstrated for amido r ad lca l e  (79). 

However, the presence of < 1% 0-radioal  reao t i v i t y  i s  

indioated by the amido rardioal ooupling reaot ion in the 

photolysis o f  N,Odiaoylhydroxylaminea ( 8 0 ) .  



In the presenoe of olefins, a secondary (M-alkyl) 

arnido radioal preferentially abstracts ailylic hydrogens 

(4, 74) but, where there are no abstraotable hydrogens 

available, the addition nay be possible (81,82), Tne 

addition of N-bromosoetarnide to oyclohexene has been 

.horn to involve the ionic addition of N, N-dibroaoaoetaiuide 

(83). On the other hand, the addition of yriiuary auehmido 

radioals has been reported a d  the yieids inoreased wnen 

eleotran-withdrerwlng aoyl groups were used (81). 

1-2 ktrar~~~leoul.~ Addition 

The intramolecular addition of a reaotive centre to 

an olefin my ooow by either an ionio or a radioal meoh- 

anism, The synohronous uyolization of a nuoleophlle and 

addition of an eleotron - defioient group to an olefln 
has a negative activation entropy, With a cnoice of five- 

or six-membered cyolio rings possible, usualiy the five- 

membered ring is formed, although sterio effects can modify 

the pro-t ratios (84). An exoellent examble of tnis 

preferenoe msy be found in the oyolio anrinoaercuration 

reaotions ( 85,86) .  

Ths oorreaponding eleotrophilio 6yolization involviry; 

nitreniua oentree leadm to the formation of five - and six- 

membered r-8 (33,871, although the intervention of amins 

radioel8 (or possibly an Ag+ oo-ordinated aaine radioal) In 

the silver ion oatalyzed N-ohloramine reaotlons nas been 

dooumcmml (36-38). The mohanism of Lewis acid-oatalyzed 

oyolizationa of' N-ohloramines is still undetera~ned (35). 



Nitrane or nitrenoid mediated intramoleoular 

addition reactions lead to unstable aziriulne coapounde 

( 8 8 , 8 9 ) .  Upon solvolysis or nydride treatment, the ring 

opens to give usually the more atable six-membered r-s 

as the major produots, 

Radicsal intramolecular addition reac~ions have 

beoome an important sgnthetio route to cyolic ooU~oUnd6. 

Most o f  the work is aonoerned witn che addltlon of oarbon 

radioale to either olefins (90-92) or aoetylenes (93,44) ; 

the radioal species include carbonyl( 95 1, and ketyl radlcais 

( 9 6 ) ,  among othe~rs. The oyolization of oxygen radicals, 

generated from hypoohlorites (97) and nitrites (97-100) by 

p h ~ t ~ l ~ r ~ l e , ~ b u a l l y p r ~ d u c e e  five-membered rings. The yre- 

dominanae of six-@embered rings in tne oyolizat~on of 

oxy-radioals,generated by the oxidation of aloonola witn 

lead tetraaoetate,indioatee poseible ionic InterWiates 

in the reration saquenoe, The formation of nitrogen 

heterooyolio oompounds by the oyolization of a m U o  radicals 

(43) or W-ohloramineo (11,38,54,1024, and amid0 ~adicals 

(103,104) all have been reported. Other neteroradiocal 

oyolizatione whiah ooour inolude thiyl radioal additions 

to alkenes (105) and alkynes (106), and yhosynorus radical 

oycslieationa (107). Representative resul ts of rascal 

oyolizationa are listed in Tables 1.1-1.3, 
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The nraJority of rad ioa l  oyolizaclons k i v e  che 

kine t ioa l ly  - oontrol led  five-membered r i n g  product wnen 

the re  i s  a ohoice between a f ive-  o r  a six-membered r i ng ;  

and six-aeabersd r ing@ are preferred over seven-membered 

ones, The y i e l a s  o f  the oix-membered ring yroduots, the 

products  which have the lower AH values, h'mn3a8ef3 at nigher. 

reaot ion temperatures o r  by s u b s t i t u t i o n  of a carbon radicai 

oentre  wi th  s t a b i l i z i n g  groups (see Tables 1.2 and 1.3) (90). 

The preference f o r  a five-aernbered ring in carbon 

r a d i c a l  oyol iza t ions  has been a t t r i b u t e d  t o  a favorable 

entropy fao tor  oaused by more c o n f o E ~ l o n a .  ava i l ab l e  for 

a f l e x i b l e  oyolopentane t m z k ~ i t i o n  s t a t e  than are poss ib le  

f o r  a cyolohexane t r a n s i t i o n  state (108). Alternately, tne 

predominnnaa of  five-membered r i n g s  2s suggested t o  be 

due t o  the etereooheaioal oontrol  oaused by aore non-bonded 

in t e r ao t ions  in  the  oyolohexane ohair t r a n s i t ~ o n  state taan 

tha oyolopentane t r a n s i t i o n  state (90). The hydrogen 

van der Waals interarotions have been estir~ated a t  12.7 

koal./mole f o r  the oyolohexane form (109). Tne t n i r d  

exphnnntion is given by Beokuith et,al. (3.10). They 

pos tu la te  that the most favorable oyc l iza t ion  interlaediate 

i s  one In whioh the three  e l ec t rons  being r ed i s t r i bu t ed  

are in the  same plane, o r  as c lose  t o  this requirement as 

possible.  Ln other  words, there  should be, initially maximum 

overlap between the ha l f - f i l l ed  p-orbi ta l  aad the vauant 

n *-orb1 tal, and the  emerg* o *- and p-om1 ta lo  shouki 

be par a l l e l .  



Cyclization of h 4 j 5  W i c a l s  

8 Cyalized* Reference 

* Whom oyolizatlon occurred only the 5-membered rLw 
p-t Ua8 found. 
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tr. 

* See Footnote in Table 1,3, 
** When ~ i 3 +  aaino ooaplex was oyollzed 66p of 

5-mirbereCI ring was found (112.~146). 



Table 1.3 

Cyclization- of Radicals 

* INDO calculations of the energy required to  reach a chair 
conform$tion Wikh 6')idfh and radical overlap. 



The intentions of this researcn oan be outlhed 

a8 follows: 

1. To synthesize substituted azabloyollo crompounds 

using aminium and amido radical intrsaoleoular syolization. 

2. To determine the effioienoy of cyclizatim nitn 

respeot to the relative position of tne nitrogen rordloal 

and the olefin. 

3. To divert the normal produots us- radical 

4, To investigate the intramolecular aminntion 

reaotion of the N-methylphenethylaminium radmal, 

5. To examine the radical initiation of aa&ium 

radios1 intsrmoleoular additions to oleflns and the com- 

petitive eleotrophikic addition of N-chloramines, 

6 ,  To outline the mckmnism and quantum yield of 

a-hydrogen elimination in several nitrosamines and evaluate 



CHAYTEH 2 

RESULTS 

2-1 General 

2-14 Synthesis of Amidea and Amines 

The required nitrogen oornpounds were cjuilera~ ~y 

synthesized from the sultable olef ln ic  carooxylic acid, 

which were prepared in tile followllyg manner. Tne reactlon 

of malonic ester with 3-ohlorooyclopentene, fcllowed by 

deoarboxylatlon, (Eq 2.1) (110) gave 3-cyoLoyencenyiacetlc 

acid (A)  in ce. 3.5% yield. Preparation ot' 4-oyclonexenyiacecic 

acid (2 )  was accomplianed in 30% total yield by nydroboratlon 

of 4-vinyloyclohexane (117,118) and oxmation (Q 2.2~31, or 

in 15% yield using an Arndt-Elstert reactlon sequence ( ~ A ~ , L z Q ) ,  

shorn in Eq 2.2b. Klther by reaotlng GO2 witn 2-oyolohexeg.~- 

magneeium bromide (Eq 2.3a) or with tne sodium salt 01' the 

I 
I ally1 cyclohexenyl anion (Eq 2.3b) (121) gave 2-cyclohexenyl- 

oarboxylic acid ( A ) ,  in 4% axid 188 yields resyec t~vely. 

Aoid (4), - 3-cyclohexenylcarboxyllc aold, was avai~able 

commercially while cyclohexanecarboxylic acid ( A )  was 

prepared by oxidation of cyclohexane oarboxalden$de. 



The g e n e r a l  sequenoes f o r  the synthesis 01 amides and 

amines are i l l u s t r a t e d  us ing  oarboxyl ic  a c i d  4 in E q  2.4. 

The presenoe of pyr id ine  i s  recommended i n  tne k r e w r a t i o n  

of acyl o h l o r i d e s  from a o i d s  con ta in ing  reao t i v e  o le f  ins, 

such as 2, Both the  a o e t y l a t l o n  of k r i n a r y  amlnes (122) and 

t , ~  LAH reduot ion  of amides (123) g e n e r a l l y  gave good y i e l d s ;  

a f t e r  reduct ion ,  the l o s s  of v o l a t i l e  m i n e  was minimized by 

I evapora t ion  of e t h e r  through a Vigreaux.coluuM. hstead of 

i s o l a t i n g  t h e  ieocyanate  after rearrarrgement of the acyl  



azide, the benzene solution was created dlrectry wlth *Red-ALn* 

to give the best yield of the corresyondlr3.g methyl amme, 

analogous to the LBtI reduotion of lsocyanates (125 1. Re- 

arrangement of the oyolohexenylacyl azlde required hldner 

temperatures than that of a 



cyolopentenylaoyl w i d e  (126),  and au e f f i c i e n t  condenser 

system must be used, The use of benzene as a solvent, ra t t le r  

than acetone (126), f o r  t n e  g repara t lon  of the acyl az ide  

from the  corresponding a c y l  cn lo r ide ,  nad tne advantage 

of suppressing side r eac t i ons  such as cne forrnatlon o f  

urethane o r  urea,  slnaa water could oe uore e f f i c i e n t l y  

removed, Fur the r ,  t he r e  i s  no need t o  o n u g e  solvents ror 

the  thermal rearrangement reaot lon .  Diaulae 11-1 was 

prepared by the photoohemical dirnerlzatlon of 2-yyrldinone 

(A) (1271, 

The s t r u a t u r e s  of various auf des aria amines, and the 

method of prepara t ion ,  are l i s t e d  i n  T a b l e  2.1 ana Figure 
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a b l e  2& P r e p a r a t i o n  of Amides and Amir~es 

gtar tins; Haterial 

5 

4 

4 

3 

4 

2 

6 

1 

14-1 

12-1 

4 

1 

8-1 

* diaerization of 6 
++ overall yield, inoludlng Eq 2.1 steps. 





2-1-2 N - N i  t roeo and N-Chloro Combounda 

The N-nitroso oomgounds were prepared e l c n e r  by a 

sodium n i t r i t e  (Experimental 5 - 5 4 )  ( lZ8, lZy)  o r  a a o a i l i e d  

d in i t r ogen  t e t r ox ide  (Experimental 5-5-2) (129) n i t r o s a t i o n  

prooedure, The nitroscamides were not ku r i f i ed ,  since they were 

t he rma l ly  unatable (b30), wnile a l l  cne uicrosamlnes were 

pu r i f i ed ,  exoept 16-2 and 17-2 wnicn were Used in an unpur- - 
i f i e d  form. The y i e l d s  of the orude n i t r o s a u i a e s  in  several 

ca se s  were g r e a t e r  tnan t h e o r e t i a a l ;  this was caused by t h e  

a d d i t i o n  of n i t r o s a t i n g  agent  t o  t h e  double bond, eeg.,N204(131) 

shown i n  I?q 2,5, 

E & s u  

The y i e l d s  of the  crude n i t r o s o  compounds and t n e l r  

s p e c t r a l  c h a r a c t e r i s t i c s ,  inoluding the percentage o i  o l e f i n  

remaining i n t a c t ,  are l i s t e d  in Tables  2.2 t o  2.5. The y i e l d  

of nitroeamide 9-2 was improved using h2O4 n~trcsatlon in r;.x 

presence of an exoeso of pyr ld ine ,  similar t o  the increased  

yields of ni trosamines obtained when n i  trosyl t e  t r a f l u o r o ~ o r a t e  

and atnines were reac ted  i n  the presence of b y r i d h e  ( l a ) ,  



Utilizing sodium hypochlori ts, the h-ohloro coupounas 

were prepared using well-establisned ~rocedures (hxperimencal 

5-5-3) (32,36) and were used witnout f2ur tner  ~uriircaclon; cne  

nmr speotra or iodometric titration inaicated an N-onlorhe 

content > 90%. In the case of N-cnlorodimethylanine, cne 

sulfurio aoid salt waa isolated using the metnou of Spanswic~ 

and Ingold (132). The yields and spectral daca or tne 

N-ohloro oompounds are summarized in Table 2.6 .  



Table 2;2 Pre~aration of Nitrosamideg 

Compound N_itrosatiw Yield p U i e f i q  
4fm~L UnsubstituteQ 
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, Tab l e  2 .7  

Spectral Data of N-Nitrosamides 

Nmr ( 7 -value 1 
Olefinic 

Compound Protons - CH - CO-NNO-CH3 - 

1. Nmr spectra taken in CDC13 exoeyt for 13-2 (W3C0W) 

and 14-2 (CCl4). 

2. Ir epeotra run a8 neat film exoept tor L3-2 ( a r  di sa ) .  

3 .  Uv spectra taken in benzene except for 13-2 (CH3C00H) 
and 14-2 ( CCl4) 

4. C H 3  w o u p  5 .  CH2 group 6 ,  CH g r o u p  



Compound 
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Table 2.4 Yreuarati.cn of' NItrosarnineg 
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T a b l e  2.6 

Physical P r o p e r t i e s  of N-Chloro Compounds 

Compound Yield($) Olefinlo CH - - CONCL- 3 
Protons 

1, Nmr spectra taken in CDC13 



2-1-3 Decomuosition Condi L ~ G I A ~  

Unless otherwise speclfled, all tne decomposicisn 

reactions were conducted under 3 nitrogen atmosknere. 

Generally, the photolysla 01 the N-nitroso corngouna in ca. 

225 ml of solvent was done witn a 200 wat;t; loediua-presrsure 

lamp in a pyrex immersion-well using tne akproyriate filter 

(see Figure 5.4) ahosen to irradlace only tne WT * 
transi t ion band.   he N-nltrosamlnea were &no tolyzed in tne 
presence of at least 'one equivalent of acid. Tne rJ-cnloro 

aompounds were photolyzed in a quartz apparatus u s b g  a 

Vyoor filter, For Ghe yhotolyses o f  N-nitroso compouds, a 

control reaction in the d a r ~  usually showed no significant 

thermal reaction ( < 5% by uv analysis) , 

Yhotolysis of nitrosamlde 8-2 gave a j b $  yiela 01 

anti-* and em- r j  ,2,1] azabloyollc oxiaes 22-1 and 22-2 u a 

2:l ratio and an 18% yield of azabioyolic ketone 22-7. tne  

remaining material was tentatively asalefned as a C-nitroso 

diner, 23-1 or 34-1 ( 6 ; 8 ) ,  nitrate laotam 23-z  (431, and un- 

saturated oxime 25-1 ( 658.) obtained by intramolecu~ar 

hydrogen abatraotion. 

* For the geometric Isomera, the anti-oxime is cne one 
in wb&& the oxime hydroxyl is on the side opposite 
to the a -nitrogen substitution ana tne syn-isomer nag 
the hydroxyl on the same side. When referriw to 
groups, cia- denote8 a group or atom on the same siae 
as the hydroxyl and trans- means on tne oyy08ite side, 



Oxime 22-1 oould be o r y s t a l l l z e d  frcu t n e  cruue 

photolysate ,  g i v i n g  the o o r r e c t  e lemental  a n a l y s i s  aui exact 

mass of the  I@ Lon yeak f o r  ~ g ~ ~ & ~ 0 ~ .  'me ir  yeak f o r  cne 

laotem absorp t ion  was a t  1670 cm-l, hlgher cnan usual ly  fcuna 

i n  r2,2,21 b i c y c l i c  laotams (133-136). The ninr s ~ e c  L r u m  snowed 

a double doublet  (J* 5.5 and 1 Hz) f o r  tne oridsenead p o c o n  

( H - 5 )  at  1-5.92 in pyridins-cis and a t  I- 6.10 lu CI)CIJe  

Inspect ion  of a Dreidlng model snowed tnac cne j.5Hz coukiing 

arises from t h e  i n t e r a c t i o n  of H-5 w i tn  Hmti  a t  (2-6, out 

H Syn at  C-8 has a sml,ler ooupling wl t n  8-5 s i n c e  tne 

a r e  typical of [ 3 , 2 , l # l  bicryolic systems (137). The N - m e t h y l  

s i n g l e t  of Z&l was fcund a t 7  7.20 and 1-7.18 ln kyrldlne-d5 

and 0DC13 respec t i v e l y  . 
- 

The b e s t  eamyle of - oxime 22-2 contained c a . 2 0 ~  
8 

of anti-oxime 22-1. . The CDC13 nmr spectrum ot' 22-2 snowed 

the H-5 proton as a double doublet  (J ' 6 and 1 HZ) a t  

I- 5.35 and t h e  N-methyl singlet at 1-1.11, in  agreement wicn 



the general  p a t t e r n  of a - p r o b o n s  resunatine: a t  lower 

f i e l d  than --protons (2 ,  128). Wnen a s a m ~ l e  c i m t a l r i ~  

a major proportion of sun-oxiae was stored f o r  a tiwe, 

i somerha t ion  t o  22-1 was indicated by Lne increased 

T 7.18 s igna l  ( f o r  the trank-N-Ciij group) at  tua cost or cne 

T 7.11 signal (cA-N-CH3 group). 

Keto-lac tam 22-2 could be ootalned m 5 bk ove ra l l  

yield from amide 7-1 by a b i s u l f i t e  hydrolysis  (138) of tne 

crude photolysate residue.  An exact  mass decernlnatlon of 

the M +  ion  pea^ agreed with C8HllN02. The nmr spectrum 

showed the  double doublet pat tern (J = b and 2Hz) f o r  H-5 

proton at T 6.30 and t h e  N-methyl s i n g l e t  a t  I- 7.14. Yne ir 

spectrum contained a ty$ical  six-membered ring c-onyl 

ebeorptlon at 1715 cm-', but t h e  lactam carbonyl absorytion 

waa found a t  1645 cmgl ,  loner  tnan expected f o r  a U,2,il 

bioyclio system (133, 135). The u ,  2,1] bicyc l ic  s t ruc tu re  

was confirmed by hydride reduotion of the carbonyl grouks 

followed b y a  Sonedoxidatlon 01' tne volatlle ejJlmerlc a lconois  

26-1 and 27-1 t o  ketone 28-1 ( E q  2.4). ' h e  v o l a t i l i t y  oS 

the alcohols  was observed wnen the  e t n e r  solvenc was removed 

on a r o t a r y  evayora t 'w .~  Azabioyolic Ketone 2 3  nad 

i d e n t i c a l  spec t ra  as that of a sample syntneeized by B. 
* 

Waegell et.a1.(139) 

* The author wishes t o  thank D r .  Bm Yaegell f o r  d n d l y  
providing the  bpec tra of t n e i r  product 38-3. 



u 

The 13,2,11 a z a b l c y c l i c  structure or' potn oxlmes, &-1 

and 22-2, was f u r t h e r  confirrued by a ~isultice nydrolysib: 01' 

a mixture of mti- and sun-oxime (3:2 r a t i o )  t o  g i v e  only cne 

keto-laatam 22-3 in 76% y ie ld .  Attempts t o  breyare  aluinc h e t -  

onen from the oximes using o t h e r  metnoas were Less successt'u~ 

( See Sxperimental  5-9-l) , P a r t i c u l a r l y  tne mtal  salt- 

ca ta lyzed  r e a c t i o n s  gave low product recovery ,  T h i s  was sus-  

pected t o  be oaused by t h e  i d e a l  arrangement of tne 

heteroatoms f o r  complexation with the  metal, Such a complex 

is known t o  occur with o t h e r  a-amino oximes (140).  A l l  

t h e  e f f o r t s  t o  s e l e c t i v e l y  reduce t h e  lactam carbonyl 

group of oximes 22-1 and 22-2 o r  ketolactam 22-2 proved 

unsuccessful.  

The minor produots  could  no t  be obta ined  In a Lure 

s t a t e .  An equal  mixture of ~ e t o - l a o t o m  22-3 ana anocner 

compound were found in tncb f i r s t  few onronratograkhlo t'aot~onri. 



32  

Thie conpound w a s  ass igned as endo*-nitra t o lac t a m  23-2, - 
based on t h e  ir  absorp t ions  at  1630, 1280 and 880 CU" aLui 

t h e  I- 7.05 s i n g l e t  of' the N-rgethyl group; a l i  01' wnic~1 are 

found i n  the  spec b r a  of a-z ,  a major kroaucc when tJ.-2 was 

pho tolyzecl under oxygen ( See 2-4-1) . 

That a C-nitroso dimer, eg., 23-1, was f o r w d ,  was 

indioa ted  by t h e  uv absorp t ion  a t  295 nm of the pnotolysa te  

during p h o ~ o l y s i s .  The orude r e s i d u e  snowed a w J o r  s a l e t  

a t  I- 7.09, a s c r i b a b l e  t o  a diruer N-methyl group, and nad a 

strong i r  absorp t ion  at 1220 om-' (141) wnen the  s p e c t r a  were 

obtained immediately. However, the I- 7.11 az~d T 7.18 Di-metnyl 

s i n g l e t s  of t h e  oximes 22-1 and 22-2 became aorninant when tne 

nmr spectrum w a s  cheoked a day l a t e r .  One t'rac t i o n  snow- 

the  7 7.09 singlet was obta ined  f'rom uhronatograpny; t ~ e  

N-methyl s i g n a l  d isappeared  in  a similar t'asnion, i n a i o a t i n g  

t h a t  tautomerizat$on t o  oximes 22-1 22-2 oocurs raglci3y. 

* The enaaj- s t r u o t u r e  i n  t n i s  worK is def lned  relaclve t o  
the carbon br idge  n o t  u o n t a i n h g  t n e  n i t r o g e n  atom, 
i . 8 .  endo- i s  on the s i d e  nearest the n i t rqpn  bridge. 



The t h i r d  minor droduct was t e n t a t i v e l y  i d e n t l t ' i e d  as 

unsaturated amide-oxime 25-1 because tne ir skectrum oontalned - 
an amlde I1 peak a t  1550 cm-l, i n  addition t o  t h e  1073 ~ i o - ~  

peak, and the  c h a r a c t e r i s t i 0  oxime peak8 a t  349u,  1070 and 

1050 The nmr spectrum showed t y p i c a l  a ,@ -unsaturated 

enone oxime o l e f i n i c  pro tons  ( 2 )  at 7 3.7 ana 4.25, MU 

the  N-methyl signal a t  hi@er f i e l d  ( 7 7.2i) cnan tne 

b lcyo l i c  produc ts, The mass spec t r u a  pa t  t e r n  was d i t i e r e n t  

from t h a t  of oxlme 22-1, al though 25-1 gave tne saw A' pear 

at m/e = 168. Tne a l t e r n a t e  s t r u a s u r e  a - 2  i s  coxisiaered less 

l i k e l y  sinoe t h e  nnw spectrum a l s o  concalned two protons i n  

the 7 6.2 t o  6.7 region ,  which could be  ass igned t o  the  
\ 
--CHCO proton  and the a-oximlno e q u a t o r i a l  proton ot' 2 5 - ~ ( i k 3 i ,  

\ 
while  only t h e  methine ( -Ca-CO) would be exyeoted to r e sona te  

at lower-f ie ld in 25-2. An a t t e u y t  to  confirm tne s t r u c t u r e  

by hydrolys is  t o  the oorresponding keto-asaide fai led,  giving  

no i s o l a t a b l e  produat. 

2-2-2 H - N i  troeo-N-( 3-c~olohexan-1-ylmetbl )  acecaaiae 
(9-2) 

The p h o t o l y s i s  of n i t r o s e a i d e  gave --and u- 
azab icyo l i c  lactarn oximes 29-1 and 2Y-2 i n  35$ aud 93 y i e i d 8  

respeo t ive ly ,  in addition t o  deto-lao tam (l4$), startirqt: 

amide 9-1 (8%) and a product t e n t a t i v e l y  asslyled as C-nitroso 

dimer 29-4 ( 5 % ) .  



Recrystallized an'vi-oxlme ZY-I. gave correct eleuer~cal  

analysis and exact maser determinat ion  ot the PA+ ion l o r  

[ 3 , 2 , 8  azabicyol ic  s t r u o  ture was sssigued from the double 

doublet  (3  = 5.5 and 1 Hz) at T 5.61, as opposed t o  tne oroad- 

er  peaK expeotad f o r  the more syamecricaJ.[2,2,2]azabicyclic 

oompound*, Samples of --oxime 29-< were contaminated wlcn 

the  ant i - isomer,  but showed a broad doublet (J' 5.3 h[z) for 

H - 5  a t  I- 4.60, lower than H-f j  of 29-1. 

Keto-amide 29-7 showed two oarbonyi  ir absorp t ions  

a t  1725 and 1630 omo1 and its n m  spectrum oonsained a woad 

doublet  (3 = 6 Hz) f o r  H-5 at T 5.86. Tne uaos skectrum tad  

t he  Hf i o n  peak a t  m/e = 167 r e q u l r e d  f o r  C ~ H U N O Z .  Tnat 

t h e  amlde group wcn8 less s u s c e p t i b l e  t o  d i l u t e  a c i d  nydro lys i s  

than the oxims group of 2- or 29-2, was snown by obtain- 

only ketone 29-3 and startlng oximes af ter  a f i v e  nour 

hydrolys is  at  loo0, , 

*Huffman et. al. (135) f i n d  a diffuse peak f o r  tne bridgehead 
proton in a [2,2,2] azab layo l io  comgound. 



Parent  amide 9-2 was Ideotit'ictd uy iuenc ioa l  blc re ten-  

t i o n  and the  o l e f i n i c  proton signal at  T 4.34 Ln tne  nm.r 

spect ra  of s eve ra l  ohromatograyhy f r a c  Lions. Tne compouna 

assigned as C-nitroso dimer 29-4 was found i n  tne l n l c i a l  

f r aa t i ons  from cnromatograyny. Tne assi$nrnent was M s e d  

on the  uv absorpt ion  a t  300 nm, the i r  absorkt ion  a t  1220 

cm-', and a broad mul t ip le t  ( W t  = 12Hz) at 7 4.93 in the 

nmr spectrum (141,142); t n s  width of tne H-4 &roton ind ica ted  

the  equa to r i a l  o r i e n t a t l o n  of t h e  n l t r o s o  group ( 3 8 ) .  i n  a 

C H 2 C l 2  so lu t ion ,  the dimer tautomerlzed t o  give c r y s t a l s  of 

oxime 29-1 (v ide  supra) a f t e r  a period ot' time. 

In order  t o  prove t h a t  the c y c l i c  producta obta lnea  

i n  the  photolys is  were not the r e s u l t  of intramolecular  

r a d i c a l  diaylacement reac t ions ,  aucn as ou t l i nea  in  Scnerue 

2.1, a mixture of nitroaamide - N204 a d d l t i o n  proQuots 

(poe tu la ted  as oompounda suoh as 30-1 and 300%) were 

photolyzsd under the  same conditions as Y-2. 

The producto recovered after chromtograyhy were unstable 

and could not bn pur i f i ed .  Although several fractions snowed 



similar s p e o t r a l  o h a r a c t e r i s t i o s  as keto-auide 29-3, t he  

t l o  r e t e n t i o n  t imes of t n e  compounds aid uoc corres~ond. 

The low recovery from ahromatogrsphy (< 30%) and tne exteaslve 

deoomyosition of t h e  products ,  which i s  t y p i o a l  or' n i t r a t e  

e s t e r s  (143) ,  ind ica ted  t h a t  che c y c l l z a c l o n  yroduocs are 

no t  formed in a seoondary photoreaot ion as anown Ln Scneae 

2.1. 

3-2-3 N-Ni  troso-N-me thyl-2-cyclonexenerl-oar~oxaaide( LC)-<L 

P h o t o l y s i s  of ni t rosamiae 10-2 gave 44% yield of a 

eringle I3 -1actam oxime, e i t h e r  31-1 o r  p 2 ,  Ifip 01' karent 

amlde 10-1 and 7s of a oompound suggested to oe xeto-laotam 

The oxime, suggested t o  be 31-2, nad a y p r o x i m c e ~ y  

equal  h +  1 (m/e = 169) and M +  (m/e = 108) ion keaus in t n e  

mass speotrum. The exact mass determinat ion  of  the a/e = 106 

peak gave expected va lue  f o r  C&2N202. Tne I r  s p c t r m  

conta ined  a l a o t a m  a b s o r p t i o n  a t  1725 cm'l and 0x1- absory- 

t i o n s  a t  3200 and 935 om''. The nm s p c t r u n  snowed a sharp 





at 295 nm and the c o n t r o l  r eac t ion  showed aa. 25j~ decrease 

in  the nitrosamide absorytian. The products obtained were 

s t a r t i n g  amide 11-1 ( 3 7 $ ) ,  3-cyclohexenyl a c e t a t e  a (9;b) 

and w k t  appeared t o  be 34-1, 34-2 and 34-1, the adduats o f  

HC1 and el2 ( 8$ and 1% respec t ive ly)  t o  11-1. 

The thermal deoomposition groduot, e s t e r  z, nad ir 
absopptions at 1730 ( 43 -0 ), 3030 and 655 (HC-CLI). 2118 nar 

spectrum contained t n e  expeated geaK8 at 7 4.37 t 'or tne olef  i n l c  

protons, T 5.8 f o r  tne metnine proton, and che mecnyl s u g l e c  

a t  77.97. There was likely some l o s s  of chis v o l a t i l e  e s t e r  

when t h e  photolyeate solvent  was reuoved. 

The ahromatograyhia frao tlons c o n t a i n h g  karent  

ace  tamlde 11-1 were oontamlmted wi tn  two minor kroduc ts 

with longer go r e t en t ion  times. a - m s s  spec t r a l  ana lys i s  

of t h e s e  compounds ind ica ted  the  f i rs t  yeas corresbonded to 

e i t h e r ,  o r  both, the acetamides 34-1 andl '34-2, snowUg an 

M+ ion peek of 175 aontalning one cnlor iue .  Tne second go 

peak showed an M+ ion  peak witn a cwo cn lor ine  paCterll at 

m/e = 211 and 209; tne  i'irst fra4mentatlcn wacll 108s ot' onLorine 

t c  give,m/e 574 oontdiging one chlor ine ,  as exyeoted froa 

34-3. The fragmentation patterne of all Lne acemmiaes, 



11-1, 34-1 cr 34-2, 34-3, were similar belowa/e  = dO wnen -- -- 
only the oyclohexyl ring structure remlnea ( See Scneme 2 . 2 ) .  

Scheme 2.2 

The remainlag mixture of polar compounds ociuld not  be 

identif ied but showed an amide 11 peak in tne ir spectrum at 



Column chromatography, following the photolysis of nitrz 

amlde 12-2, gave a b i c y c l i c  lactam oxime, asslgnea as 

compound 3-1, in 25% y i e l d .  This yroauot snowed ir absorp- 

t i o n s  a t  1605 ( l a c t a n )  and 3200, 930 om-' [orlme).  Yne 

oxime contained the  c o r r e c t  M' i o n  yeaK a t  182 and elemental  

analysis agreed with C981@202. Structure x, w ~ i - o x l m e ,  

was proposed based on t h e  T 6.15 t r i g h t  (J = 3112) f o r  d-1, 

and the m u l t i y l e t  a t  7- 6.75 f o r  Lhe e q u a t o r i a l  prccon at 

C-7 (2,128), wi th  t h e  N-methyl signal found a t  7.i2. By 

analogy to m-oxime 22-g, a - o x i m e  35-2 agnt be exheo ted 

to shou s s i g n a l  f o r  H-1 in t h e  r e g i o n  of T 5.5, Tne alter- 

native s t r u o t u r e  f o r  t d s  coapoclna i s  tne [3,2,2] azabioyoio- 

nonane 35-3; t h e  p o s s i b l e  oximes a r e  m o w n  in Pigure 2.2, 

t oge the r  w i t h  the  s y e o t r a l  data of some model com~ounds. 



6.15 (t, J = 3 )  



An examination of rnoleoular mouels of t n e  two y o s s i ~ l e  

a z a b l c y c l i c  ginti-oxirrrea i n d i o a t e s  tna t tne More symmetricai 

oxime 35-1 would be expected t o  d i v e  a t r i p l e t  s t r u c t u r e  f o r  

H - 1  with small coupl ings t o  the  protons on C-$, suiikar LO 

37-1,  wnile t h e  less s y m e t r i c a l  oxirue 36-1 u i ~ h c  oe exkected 

t o  show oouplings of oa. 7 and 2 riz. The iatcer oxime srrouia 

then show a broader yea& f o r  H - 1 ,  t n ~ u g n  wltn a lesser n a l i -  

width than 38-1. 

The  lactam ir absorp t ion  appears to pe more c o n s i s t e n t  

with a l e s s - s t r a i n e d  ?-membered ring but wnen cas &to-laccan 

was prepared us ing  b i s u l f i t e  nydrolysls of' che oxime, t n e  l r  

absorptions were found a t  1720 and 1625 om-'; t n e  laster 

oarbonyl a b s o r p t i o n  i s  within the value expec Led l 'or 35-1. 

The mass speotrum of  keto-lac tam 35-3 contained tne - 
M+ ion  peak a t  167 and 100% intensicy yea& at m/e = 110. 

The same peak (35% i n t e n s i t y ) ,  was found in che mass spectrum 

of l a c  tam-oxime s-1. Al tnoudh the @mgaentation p a t  tern 

does not unambiguously d i s t i n g u i s h  between the bicyclo b,j,1] 

o r  D,2 ,2 ]  s t r u c t u r e s ,  the m/e - 110 peak Is sugges t ive  or 



From the characteristic N-methyl doublet (J 4.5 Hz) 

around 7 7.2, which collapsed to a singlet upon adding D20, 

and from the ir absorptions at 1640 or 1635 and 1550 cm-'. 

the other compounds formed in the photolysis appeared to be a 

mixture of secondary amides, No oleflnh LrOton~ were 

notioed in the n m r  spectrum, indicating &he possible auaiclon 

of N204 t o  the double bond to yield produccs sucn as 

The separation and identif icatidn of these compounds was 

not  further pwsued. 

/ 
2-2-6 N , M  - D l n i  troso-anti. trans - 3, 6-burid-2-one Uiuer 

(13-2) 

Dinltrosaai~e 13-2 was not photoreac tlve in benzene, 

and photolysie in aoetic aoid gave only 2-yyricione (A, viae 

infm). The photolysis of a suepension of 13-2 in 

tetrahydrofuran gave parent diner 13-1 (vide infra) In 153 

yield. 

Apart from polymeric material, the remaining products 

from the tetrahydrofuran photolyais were assigned as the 

compounds resulting from hydrogen abetractlon from THF. The 

oompound assigned as 2 -hydroxyte tranydrofuran ( 40-1) - haa ir 

absorptions at 3300, 1065 and 940 cmo1 for alcohol and eLnar 



f u n c t i o n a l i t i e s .  The n m  spectruar ccntalneci mu1 t i k l e  t s  a t  

T 4.4, 6.1 and 7.1 I n  the c o r r e c t  r a t i o ,  and the hC i o n  

peak at 88 was c o n s i s t e n t  w i t h  4Q-1. Anotr~er compound 

obtained showed a 1720 om-l LP absorption and a low-field 

broad s i n g l e t  a t  I- 1.95, suggest ing s t rucLure  49-2, 

Y -hydroxybutyraldehyde, r e s u l t i n g  t'rcu tautomerization of 40-1. 

The unusual s t a b i l i t y  of d i n 1  trosamide 13-2 was a l s o  

demonstrated by i t s  resistance to decoayos l t ion  wnen heated 

t o  150•‹, in c o n t r a s t  t o  t h e  facile thermal rearrangement os 

o the r  ni t roeamides (130,150). 

2-3 Photo lys i s  of Alkenyl N-Cnloranides 

P h o t o l y s i s  of a benzene s o l u t i o n  o f  onloramide a 
using a Vycor f i l t e r  gave e n d o - o ~ o r o l a c c a a  0 3 p ) ,  exo- - 
chlorolactam 34-1 (39%) and parenc ahid9 6-1 (7%). 'L'ne 

pementages of t h e  produate  In the orude r e s i d u e  were 44, 

4 4, and 7% r e s p e c t i v e l y ,  as measured by gc. 

2'3-3 X - H ,  X = C 1  

&I X s C l ,  X - H  



The n m  spec t ra  of 23-3 and 24-3 are 6:lown irr Eigure 

2.3 in which the s l g n a l s  f o r  CHC1, H-5 and N - C H j  are readily 

assignable .  The ir absorp t ions  of w - c h i o r o l a c t a r u  24-1 

were seen a t  1690 and 815 ome1 and exact aass deterrnlnatlon 

agreed wi th  ~ ~ ~ ~ $ 4 0 ~ 1 3 5 .  

Both crhlorolaotams 34-3 and snowed tne  sane 

m s s  s p e c t r a l  f r agaen ta t ion  pat t e r n s ;  tne La& c e r  was obcain- 

ed by go-as s inoe  ~ t h e r  methods  on ly  p a r t i a l l y  sepa ra t ed  ?3-3 

from 24-1. A f r a c t i o n  con ta in ing  803 enuo-cnloro~ac  t a m  

a showed i r  absorp t ions  a t  lb90,  $705 ana 750 om-'. It 

i s  bel ieved that t h e  lower a h e a i c a l  s n i f t  values 01 cne d-5 

and N-CB3 protons of a-2 ,  vLtn reslpecc so snone o i  24-1, 

a r e  caused by the  d i f f ' e ren t  orientation of the C 4 1  Dond in 

the two compounds. The coupl ing  p a t t e r n s  o1 t a e  Cn-Cl ,rotons 

(H-4) a r e  i n  agreement wi th  cnese o r i e n t a t i o n s ,  and are 

predic ted  from i n s p e c t i o n  of moleoular modeu. 

The s t r u c t u r e s  were confirmed by r eauo t lou  01' 1.2g 

of a crude mixture of 24-1 (48$), (423) anu amid8 - 8-1 

( 10s)  t o  g ive  endo-ohloramlne 26-2 ( 0. j b g ) ,  bioycl ic  amine 

41-1 (0.35g) and unsatura ted  aluine 19-1 (0. lg) .  The y i e i d  - 
of endo-ohloramine 26-2, acoount8:~for 51% 01' endo-cnloro- 

lactam 23-7 in  the starting mlxture. I f  all che reminder 

of 23-1 (oa.o.26g) had been oleanly converted t o  apuine 41-1, 

i t  would only aooount f o r  0.2045 of 41-I; tihe remainder ot' 

41-1 (0.15g) must r e s u l t  from reduc t ion  of 24-1. The a c t u a l  - 
y i e l d  of 41-1 i s  l i k e l y  l a r g e r  s inoe  Borne of it would nave 

been l o s t  durlng w o r h p  due t o  i t s  volatility. 



The NMH Spectra of C h l o r o l a c t a s s  
23-3 and 24-3 - - 



F I G U R E  2.4 The NMR Spec t ra  of endo-Chloro - 
and bromoamines 26-2 and 26-5. 

-- - 



The i r  absorptions of endo-cnloraalne were 

found a t  2840 om-l (amlne Bohlmann bar~ds)( l51)  and 780 caul 

(C-C1) .  The nmr s igna l  f o r  CLI-C1 was seen at 7 0.20 

(J a 9,7 , and 1 . 5 H z ) ,  similar t o  the  axial H-4 o f  23-3 

(Figure 2.4), deooupling exyerimencs showed tnat  th i s  

proton coupled with H - 5 ,  in the  T 7.04 region, by I.5iiz. 

The mas6 spectrum of 26-2 had tne parent Lon pealcs at 

b/e = 161 and 159 (1:3 i n t e n s i t y  r a t i o )  ind ica t ing  tne  

presence of one chlor ine .  The i r  and nmr speccra were 

iden t ica l  t o  chose of 26-2 prepared by otner  drouks (54, 

~ u r t h e r  reduotion of 2& was mown oy go t o  produce 

amlne 41-1. Bicyclic  ambe 41-1 read i ly  formed a nydro- 

chlor lde  salt 41-2 in C82Q o r  CHC13. 'me spectrum 

of 41-2 in D20 showed mul t ip le te  f o r  three  protons Decween 

T 6.2 and 77.0 f o r  the  r inga-amine protons and a s ing le t  

a t  7 7.10 f o r  the N-methyl group. The mass spectrum of 

41-2 contained an Hf ion peak f o r  amine 41-1 a c  m/e 125 

and peaks a t  m / e  - 36 and 38 f o r  IbC1. Yhe y i c r a t e  oi '  r t i - 1  

had the deoornpoeition point  a t  255' ( repor ted  250') ( l j Z ) ,  

and correot  elemental ana lys i s  f o r  C14ii1@4Q7. 

The mass gpeotral  fragmentation ~ c t e r n  01' 

* The author  wlshes t o  thank bcth Ur. Uassmatn and Ur. Stella 
f o r  mak- t h i s  date avai lable .  



chloramine 26-2 and both the HC1 and plcrate  salts of 41-1 

were similar below m/e = 100 (Soheme 2 . 4 ) .  S a l t s  of amineo 

have been shown to  g ive  slmilar mass spectral  patiterns as 

those of the parent amines (153) .  The m/e - 62 yeaA is 

usua l ly  charao t e r i a t i c  of azabicycl ic  cornpounds containing 

an N-methylpyrollldine r ing (38,154)'  altnougn tne l r u -  

mentation pathways may depend upon the substicution on tne 

rings (155). 

LBH reduotion of g&g-anlorolac tam 24-1 t o r  a short 

reaotlon time gave 25s mine 41-1 and 75$ of an Unstable 

compound having ir absorptlcns at 2790 and 760 cn-l. Tne 

nar speotrum showed low-field mult iy lets  at T o.b and T 7 . 2 ,  

integrated f o r  3 protons, and an N-methyl s h l e c  at T 7.37.  

This compound i s  believed to b e  w-onloramine 2;r-a union 



may r ap id ly  decompose v i a  an az i r ld in ium i o n  in termedia te  

(See Uisoussion) . 
An at tempt  t o  remove c h l o r i n e ,  u s i n g  sodium ana 

t-butanol,  from laotams 2 3 - 1  and 24-.j was unsuooessf ul, 

and caused hydrolysis of the auide  bond. A similar r e l a c i v e  

i n e r t n e s s  of halogens i n  [ 3 , 2 , 1 ]  t h i a b i o y c l i c  sys t e a  nas 

been cbserved ( 156). 

2-3-2 N-~hloro-~~-c~cloheren-l-~~cetamide 111-3) 

P h o t o l y s i s  of cnloramide 11-3 in CC& dave a couyiex 

mixture of products ,  and showed a t  b a s t  f ourceen &@ads oy 

gc ana lys i s .  The mJor ~ r o d u c t s  were ass igned as cnloro-  

ace  tamidee 34-1 and 34-2 ( jO$), dichloraacetamicle 34-1 

( 12$), and pa ren t  amide 11-1 (5%). 

Acstamide 11-1 - was i d e n t i f i e d  on cne basls 01 Ident- 

i c a l  go r e t e u t l o n  time and tne  presence of a weaii o i e t i n i c  

s igna l  a t  7 4.37 in  the nmr syeccrum o i  the  cruae  kroducc. 

The mono- and d ion lo roace taa ides ,  34-1 o r  34-2 and 34-3, 

were assigned on t h e  b a s i s  of the  go-ms a n a l y s i s  ( v i d e  

supra,  2-2-41, 

b - m s  a n a l y s i s  of anotner  compound in t h e  crude 

mixture ind ioa ted  t h e  yresenoe of yemhloroetnane  (C2C16). 

The m e 8  spectrum snowed the n ighes t  Leah8 at  m/e = 199 

and above i n  a f i v e  c h l o r i n e  p a t t e r n ,  suggestin& a . 

+cc12-c~13 ion. The perchloro  compound could a r i s e  from 

the  combination of two . C C l 3  r a d i o a l s ,  as found in ocner 



photclyses  in CCl4 (157). A l l  the remain- products were 

l e s s  tnan 5% y i e l d  and o h a r a c t e r i z a c l o n  01' tnese was n o t  

at tempted.  

2-4 Nitrosamide Pnoto lyses  i n  cne Presence  oi' T r a u ~ i n r ,  
4 G E U  

2-4-1 Pho to lys i s  of& Unaer Oxy~eq 

When ni t rosamlde  8-d was knotoiyzed u a e r  an oxygen 

atmosphere, no C-nicroso dimer absc rpc ion  was ooserved In 

the  uv spectrum of the ~ h o t o l y s a t e .  The prouuc t s  i s o l a t e d  

were endo-ni tra t o l a c  tam 23-2 ( 35$) ,  --ni cracolac  t a m  24-2 

( l7$), and starting amide 8-1 ( $ 3 ) .  

The ir  absorp t ions  of endo-n i t r a t e  23-2 were seen 

a t  1690, 1630, 1280 and 860 om-'. The' spectrum exhib- 

i t e d  a double t  of a o u b l e t s  a t  7 4,90 ( J  = 9 and ? H ~ )  f o r  

CH-ON02,  a broad doub le t  at T 6.15 ( J  * 611,) for  fi-5, and 

the N - m e t h y l  singlet at  7 7 . O 5  (Figure 2,) 1. Tne atass 

spectrum a t  80 ev snowed the  hignea t LeaK a c  m /e = 154 

(H-NOZ) but, at 15 ev, the h' 10n peak a c  200 became v i s i b l e  



( 2 . 5 % ) .  D i s t i l l a t i o n  at tempt8 only caused decorrr&oslclcn 

of n i t r a t e  2323%. 

The ir speotrum of --nitrate 24-2 nad cne same mjcr 

a b s o r ~ ~ t i o n s  as the  endo-isomer. The nmr spectrum wowed a 

mul t ip le t  a t  T 4.74 (W.jz = 9 H ~ )  f'or CH-UM2, anotrier multi- 

p l e t  a t  T 6.18 for H - 5 ,  and tne  1u'-metnyi signal at  T 7.08. 

The mass speotrum of 24-2 had a similar fraejmentatlon pactern 

as 2 3 - 2  exoept f'or a small peaK a t  m/e = id, wriLcn way 

be due to l o s s  o f  O 2  as is  found i n  n i t r o  comk~unds ( L j b j .  

The r 3 , 2 , l ] b i c y c l i c  s t r u c t u r e  of tne n i ~ r a t e s  was ccn- 

firmed by sub jec t ing  the  n i t r a t e  lactam mixture t o  a r e -  

duc t icn-oxidation sequence, similar t o  t k a L  s!l~wn in hq 2.0, 

t o  give wel l -es tabi i sned  ~ e t c a r n i n e  26-1 as cne s ~ l e  ;rcadcL. 

' h e  identity of r ema~nder  oi'  tke  ccroi~,oufus cc;dla nc t  

be e s t a b l i s h e d .  Severa l  f r a c t i c n s  apkearea t c  ccntain 

e m i 3  tu re  of  endc- and w - a l c c n o l s ,  3 - 4  and &+, exnlb- 

i t i n g  absorptions a t  3400, 1670 and 1070 cru-L and nur 

multlplets at T 5.7 and i 6.1, In a d d i t i o n  to c w ~  sir&iets 

at T 7.14 (major)  and 77.17 (minor) .  Heaction of' one of 

these f r a c t i o n u  with p-nitrobenzoyl ctilcricle bave a mixture 

wnose 11. S ~ R C ~ -  showed a carbonyl  absorht ron  a t  17r5 cml 
and R decreased 1070 cm-l aboorbt icn ,  b d t  sne d e r i v a t i v e  

cculd not be crys ta lJ - ized .  

The ma te r i a l  e l u t e d  last by cllroma;06rakny ulu l lcc  

con ta in  oxime, as demonstrated by t n e  absence GI' hetolactan: 

22-3 i n  the  product n i t e r  b i s u l f i t e  hydro lys i s  ( v l d e  infa). 





- 
t h o t o l y s i s  of  niLrcsauiae 14-2  in o r u L i ~ L r ' ~ c ; l ~ c , r ~ -  

uiocnme under ni trogen gave en y i e l d  oi =-brcuc&ic calil 

42-1, based on 14-2 (47$ yielu r'laom amiue - 14-lj '2r~e 

a l s t i l i e d  sclvent  was blue-cclorea a m  trle uv skecirvlu 

42-2 X = dr, - Y =  n 



c,efir,itp: asslflrnent, mown i n  F i g u r e  2.u. A i i e  sf l i l  cs  

1 o b t a i ~ e d  a re  c c ~ ~ p n m o l e  c o  tricse ,I' a 3-aza-4-e tc - [  4 , L ,  

cccrdinated LO the 

c a r r l e d  d u c  on Lne 

t i r n  q t  d-4 cawed 



The NMR S p e c t r a  o f  endo-Bromolactanl 
42-1. - 



FIGURE 2.6b The MMR Spectra of Bromolactam 
42-1 in the presence of ~u(fod), - 



H-3, a n d  H - Y x  t o  become a n  A B  q u a r t o  t 1 8 . 5  H Z  1 ,  

as w e 1  1 a s  c h a n p i n ~  t h e  H-5, s p l i t t i n p  p a t t e r n ,  I r r a d i a t i ~ n  

or' H-'3, c aused  t h e  H - 3 x  p r o t o n  s i m a l  t o  c o l l a p s e  t o  

w h q t  ??pears t o  be a d o u b l e t  (J = 1 0  H z )  a n d  t h c  H-4 

% i m a  1 becomes a p o o r l ~  r e s o l v e d  q u a r t e t  (J = 8-9 H z )  

w i t h  a f u r t h e r  d o u b l e t  s p l i t t i n e  ( J  = 3 Hz) of  t h e  

q u a r t e t  l i n e s .  irradiation a t  H-6, caused  t h e  H-7, 

s i m a l  t o  c o l l a p s e  t o  a d o u b l e t  (,J = 3 . 5  Hz) .  The 

small c o u p l i n ?  o f  H-7, w i t h  ii-8 ( J  = 1 - 2  hz) is i n  

r e a s o n a b l e  a e r e e m e n t  w i t h  t h a t  found i n  o t h e r  [ 3 , 3 , 0 ]  

a z a b i c v c l i c  compounds ( 1 6 2 ) .  

C o n f i r m a t i o n  o f  s t r u c t u r e  42-1 came from LAH 

r e d u c t i o n  t o  t h e  --fused r 3 , 3 , q b i c v c l i c  amine 4-5, 
which snowed a n  M i o n  peak a t  m/e = 125.  The p i c r a t e  

o f  - 45 decomposed a t  204-207O ( l i t e r a t u r e  207' d e c .  ) 

2-5 P h o t o l y s i s  of  Alkeny l  N i t r o s a m i n e s  

P h o t o l y s i s  o f  1 5 - 2  f o l l o w e d  bv chromatoqraphy o f  

t h e  c r u d e  r e s i d u e  o n  a l u m i n a  gave  a n t i - o x i m e  40-1 ( 4 8 % ) '  

D-oxime 46-2 (34%) a n d  aminoketone  46-3 (9%) .  The 

i s o l a t e d  y i e l d s  were l o w e r  when s i l i c i c  a c i d  chromatography 

was used ,  g i v i n g  - 46-1 (38%),  46-2 ( 2 7 % ) ,  and 46-3 ( 3 % ) .  



The ir speotrum of anti-oxime 4b-1 ooncamed yeam 

a t  3350, 1050 and 950 om-'. Tne nmr syeccrun exnibiced a 

doublet  a t  T 6.9 (J = 8 H ~ )  f o r  H-8  and an N-iuetnyl s w -  

l e t  a t  I- 7.59. The c2-fuslon of' t n e  rhgs was ass ieed  

based on the same v i c l n a l  coukl ing oonscant( J ~ ,  8 = d t l z )  

i n  46-1 - as t h a t  found in 42-1 and i s  a l s o  found in ocner 

c i s - fused  5-membered rings (163). The mass syec6rua ox' 

46-1 conta ined  t h e  Mt i o n  peak a t  154. 

Complete sepa ra t ion  of syn-oxiae 49-2 from tne 

ant l - isomer was n o t  achieved,  but a 75% pure salnkle snowed 

a lower-f ie ld doubls t  a t  T b.12 (J = 8 ti,) f o r  P-8 and 

the N-methyl s i n g l e t  a t  T 7.32. l'ne sun-isoruer was found 

t o  isornerize t o  anti-oxime 46-1 a f t e r  e c o r w e  m CW13 as 

Judged from the r a t i o  o f  t h e  H - 8  d o u b l e t s  a m  t n e  h-metnyl 

siny;lets.  

Arninoketone 46-3 could  be obta ined  i n  45+ yLe1a by 

b i e u l f i t e  hydro lys i s  of the crude ox iae  mlxcure. hetone 



46-3 had an ir absory t ion  a t  i745 om-' witn a snoulder st 

1737 om-'. The absorp t ions  are t y p i c a l  of cyclopencanone 

compounds (164) ; the  presence of twin carbonyl  absorpt ions  

in other  amino-ketones has been a t t r l b d t e d  t o  &'ern1 i n t e r -  

a c t i o n s  (165). The oass spectrum ooncainea ine ~ f ' +  i o n  

peak (35%) and an u n u s u a l ~ y  i n t e n s e  W i  i o n  yea* a t  1 4 0  

(12%). The nmr spectrum snowed m u l t l y l e t s  l'or two protons 

between I- 6.7 and I- 7.1, a broad uouDiec (J  = 7 Liz), ana 

the N-metnyl s i n g l e t  a t  I- 7.53. 

Deuterium exchange of a m i n o ~ e t o n e  in  pyr~uine-D20 

a t  50•‹ was monitored by nmr spectroscoyy. Ax'ter one imur, 

the  t o t a l  proton i n t e g r a t i o n  f o r  4u-7 naa decreased by 1.7 

protons and the  DHO s i g n a l  a t  I- 5.4 snowed a corresponding 

i n t e g r a t i o n  increase .  Aitnough tne  amount of deuterium 

exchange does not  d i f f e r e n t i a t e  be tween s t r u c t u r e  46-1 

and 41, the  f a c i l e  exonange under t n e  m i l d  condi t ions* 

i n d i c a t e  s t r u c t u r e  4 2  ie iess l i ~ e l y .  Excnaqp 01' tne 

bridgehead protons of' 37-2 occurs  (1471, but w a s  n o t  oo- 

served in 37-3 (149) i n  sodium rpetnoxide -D$. The FA+ 

ion  peaks of tne  exchanged sample of 4b-3. were examined by 

gc-mass spec t ra  t o  g i v e  the  r e s u i c s  snown in  'L'a~le 2.7. 

There i s  a good c o r r e l a t i o n  between the nmr and &ass sgeccra 

values f o r  'the average arnount of deuterium incorporated.  

The f a c t  t h a t  12  3% of the  molecules concain  ~ h r e e  deucer- 

ium atoms ocnfirms the s t r u o t u r e  46-3. 

* The yyridLne-D20 exonango procedure has uem used witn 
base-eensl tive oarbohydrates  (lbo) . 



3 )  l r l t e n s i t y  c f  eacn geaK as a Lsercellcaae GI' c o t a ~  GI'  a l l  
ccrrected 1'1' icn in temi t ies .  

4)  Fraction cf the totai numoer cf' .aclecules u u e s  t ~ ~ e  
number 01' deuterium i ncc r ro r*a~ed  ~ r i  eacn skecie s. 

Ylie m/e = 111 i,eat? stmwed m e  subre u e u b u r ~ d h  Incork-  

o r ~ c i o n  ratio as the PI+ Lon ,eun.   lie u/e  = b4 peal. silbweu 

nn 11,';' increase. 1:' tne  ii-8 p ~ t o f i  is a s suueu  co be rtue 

leas t  exchanged, the fragmentation paccerh LX' 40-1  caC* be 

exkla lned  a s  mown in Scheme 2.5. 

m/e Ui, ~ 1 4  iu/e d j ,  64 
Scheme 2.5 



Ketone 46-1 was reduced in acldlc conaltio~s over 

ktOZ to the aminoaloohols 98-1 and (3300 and 1920 ca-'1, 

although this same procedure had suoceesfulLy reclwea other 

aminoketones to a mbes (167). The nmr sl;eotrum of a lrllxture 

of 48-1 and 48-2 showed 

\ 
--CH --OH absorptions f r m  I- 5.9 to I- 6.2 and two equal 

intensity singlets at I- 7.63 and I- 7.69. 

A mixture of oxlmes 46-1 and 46-2 couia ais0 b e  nyarc- 

lyzed to aminoketone 46-3 using dilute HCI. Several otner 

literature metnods (see  5-12-1) were less efficient for  hydro- 

lysis of either this mixture,or 2-yiyerid~ocyc~onexanone 

oxlme (49-1 ) ,to tne oorreayonaing &etone. ib~odel comyaude, 

oxlmes 28-1 and 28-2, were used in tne almiine ny~olysls 

-. NaBHI) reduction method of Bell (~68)~ DUG gave a poor 

yield of aloohols 26-1 and 27-1 (See gxperlmental 5-llb-i). 



The photolysis 01' 16-2 in an acidic mecnanol s o l u -  

tlon gave products tentatively assigned as &a-oxime 50-1 

(16$), m-oxime 50-2 (v$), and aminoketone j0-3 ( 6 % ) ;  cne 

yields were calculated on the amount of reaclted 16-2 (> 82%).  

The [3,3,l] bioycllc skeleton was assigned in analogy to cne 

fact that other radical cyclizations at Low ternyeratures 

give six-membered rlngs in preference to seven-membered ones 

(See Introduction 1-2, Table l,3), but tne alternate s c r u c -  

t u r e s  51-1, 51-2 and 51-3 could not be exoluded. -- - 

The amino-oxlme assigned as 50-1 snowed ir absorptions - 
at 3300, 2800, 1145 and 930 omo1; che nmr spectrum snowed - 
one proton multiplets at T 6.75, T 7.2 and T 7.67, and 

the N-methyl singlet at 7 7.75. The m s s  syec trum gave 

aooeptable exact mass for CgHl(N20 aod contallled a major 

peak at we 96. The latter peak would be exyeoted from 



the normal oxime fragmentation of j0-1, wniie an@/e = ill 

or 110 ion peak might be e x p o t e d  t'rarn 51-1 (Scnerne 2 . 0 ) .  

The produot suggested to be syn-oxiae SO-& m a  

similar ir absorptions to 50-1 and an M+ ion ~ e a K  of io8. 

The nmr spectrum exhibited a multiplet for H-1 at T 0.4 

and the N-methyl sil-&let at 7 7.40, botn 01' which resonated 

at lower fields than those of the anti-isomer. When 50-2  was 

stored, t h e  N-CH3 signal decreased and t h e T 7 . 7 5  s i n g l e t  was 

seen, The amino-ketone assigned as 50-3 showed a carboriyl 

absorption at 1710 cm-A and the nar spectrum contained tna 

N-methyl singlet at T 7.73. Bisulfite nydrolysls of the 

crude photolysate residue gave only a low yield of 5)rZ ,  

whloh decomposed on distillation. 

oso-N-methyl-( 3-cvclohexen - 2-5-7 N-Mitr -1-~1)-7 2) 

The photolysis of nitrosamine 17-2 coula not be - 

carried to completion.due to an increasing product absorp 

tion band below 3OOm *&oh tailed into the nitrosamine 

n- IT * abeorption. O f  the material recovered from tne 

photolysis in methanol, the acidic fraction comprised 57$ 



65 

and was largely unreac ted  nitroaamLne 17-2. ' h e  wJor com- 

ponent of t h e  basic f r a c t i o n  was parent amine 17-1 ( b @ ~  

y i e l d  based on reacted ni t roaamine)  , 

The a o i d  f r a c t i o n  conta ined  a uiinor product w i t n  an 

Lr a b s o r p t i o n  a t  1720 om-' and gave a , r e c i b i t a t e  wltn 

d ln l t rophenylhydrazIne  (DNkh) . Yne u l s t i i l e d  solvent irom 

the  midi0 acid y n o t o l y s i s  was t r e a t e d  with il~1kt-l t o  hive 

t he  2, 4-dinitroyhenylhydrazone of an unsaturated Ketone, 

The mass spectrum of the derivative c ~ n t a i n e d  an h C  i o n  

peak a t  276 and t h e  major mass peaks were two mass units 

l e s s  than t he  publ i shed  spectrum of cyclonexanone I~likd 

(169). Beoause a sharp  melting p o i n t  cou ld  not be  oota ined  

and the uv spectrum of t h e  DNPH showed A m a x  a t  3?2nm, a 

p o s i t i o n  between the absorption maxima of saturated and 

a ,P -unsaturated DNPH d e r i v a t i v e s  (360-365 and 375-385 nm) 

(122), i t  i s  be l i eved  52-2 i s  i n i t i a l l y  iormed and i so-  

merized t o  52-4. Th i s  i s  supported by 

the  ir absorption at  1720 om-', a s s i g n a b l e  LO >2-1, in cne 

crude a o i d i c  f r a o t i o n .  



Chromatography GI' the bas ic  f r a c c i c n  from t n e  ynoto- 

l y s i s  in methanol gave the hydrochloride salt of 17-1, in 

a d d l t l o n  t o  a minor amount of f r e e  amine 17-1 as i r ~ d i c a t e d  

by the N-methyl singlet a t  T 7.53. Hydrochiorlde 17-4 nad 

Ir absorpt ions  a t  2720 and 2450 cm-l, and nmr slgnale at 
I 

T 4.30 (-CH CH-), T 7.0 ( -CB -1Y) m d  7 7-36 k - & - c H ~ ) .  
The reminder of the  material was a mixture oi' compounds 

less p o l a r  than amine &1. The mixture snowed i& a b s o r p  

t l o n s  a t  3300, 3030 and 1660 cm-l, and t h e  continued presence 

of the 74034 signal for the olefinic protons indicated no 

c~clization~ They appeared t o  be products  de r ived  from 

a -hydrogen e l imina t ion ,  since t h e r e  was no N-aetnyi s i n g l e t  

observable in the nmr epectra; they were n o t  furtner invest- 

iga  ted. 

The bas io  f r a o t l o n  obtained from a s e k a r a t e  pnoco- 

l y a i e  of 17-2 in a o e t i o  acid oontained a c  l e a s t  six proaucta ,  

one of which had i d e n t i o a l  t l c  r e t e n t i o n  time as ni t rosaadne  

17-2. The major produot appeared t o  oe amine 17-1 from tne 

N-methyl 8 i n g l e t  a t  T 7.55 and o l e f i n i c  pro tons  at 74.34,  

The low y i e l d  of t h i s  r e a c t i o n  d e t e r r e d  furtner exaainatun 

of t h e  produots. 

2- -4 N-Nitro 04-met 1- -0 010. entene-1-met 1 mine a 
The uv epect ra  of the &notolysace ox' ni t rosamlne 

18-2 showed no C-nitroso diaer absorpt ion .  Normal worx-up 



gave an a o i d i c  f r a o t i o n  which akpeared t o  concafn 2;syclo- 

pentenone oxime, 53-1, The b a s h  t ract ion snowed a a l x t u r e  

of a t  l e a s t  fifteen products  when exacninea by gas cnromto- 

graphy. Of the  three  major peads, one nab i d e n t l c a i  

r e t e n t i o n  time as t n a t  of parent  amine 18-1 (la& of t n e  

bas ic  f r a a b l o n ) ,  and tne two o t h e r s  nad lower r e t a n t i o n  

(Compound B, 188). 

The p o s s i b i l i t y  of 53-1 as a prciduct ln t ne  a o l u i c  

f r a c t i o n  was suggested by the nmr sigxuals a t  T 3.65 and 

7 4.2 (-CH = CH- ) ,  and T 7,2 - 8.2, bu t  tne  kroauot 

could not be c r y s t a l l i z e d ,  The two unmown ooa~ounds ,  

A and B (1:2 r a t i o ) ,  were the mador comkonencs of a fraction 

obtained by continuous e x t r a c t i o n  of che aqueous yhase. 

The ir speotrum of triio mixture conta ined  absor&;tons at 

3200, 3060, 1690 ( m ) ,  1115 and 915 omoL. Xne nnr syectrunr 

showed only a broad absorp t ion  a t  T 7.37 ( 2H, W &  = 7 &iz) ,  

and two  singlet^ at 7 6.75 (2ii) and T 7.09 ( 3 t l ) .  'me 

go-mss specltrum of oornpound A had a low Zntansity peak at  

'@/e = 102, a 100% i n t e n s i t y  reaa a t  Ja/e = 59, snd otnner 

m J o r  peaks at  r/e = 89, 58 and 45. 'She go-mass sgeotrum 

of B showed t h e  h ighes t  yeak a t  a/e = 154, a LOO$ yeak a t  

4/e = 96, and maJor peaks at l /e = 97, 80 and 53. Both 

the nmr and mass speo t ra  r u l e  out  t h e  yroduc ts expeoted 

from the  usual nitrosamine decomposition pathways, e.g., 

5 3 4  ( M* = 9 7 ) ,  53-2 [ M+ -' 821, and 54-1 to 54-2 



( M +  = 140).  The major p o r t i o n  of  t h e  bas lc  l r a c t i G n  was 

v o l a t i l e ,  and only polymer remained af ce r  an a t  teayted 

d i s t i l l a t i o n .  . , 

2-6 N-Chloro-N-methyl-( 3-cyclohexen-1-y1)amle 117-3) 

The Iron-salt; ca ta lyzed  decom&osltion o i  L7-3 i n  an 

a c e t i c  acid-water s o l u t i o n  gave parent  amine 17-1  (303), 

and the compounds ass igned as t n e  CIOAc adducts ,  3 - 1  (lo*) 

and 55-2 (15$), and t n e  C12 adduct ,  55-1 (2d;k). The y i e l d s  

were c a l c u l a t e d  based on t h e  amount of 1 7 - 1  used. 

Chromatography of t h e  mixture d id  no t  g lve  oofbylete 

sgpara t ion  of t h e  a d d i t i o n  products  and tne daca t o r  cnese 

compounds was obtained from f r a c t i o n s  con ta in ing  k r l u a r i l y  
/ 

one component. A l l  t he  -CH-C1 pro ton  signals snowed a 

l a r g e  coupl ing  indlcaLive of the C-H bond o r l e n t a t i o n  b e i w  

t rans-d iaxia l  . Dichlorarnine 55 -3 showed ir  absorp t ions  a t  - 
2800 and 730 om-', and the n m  spectrum c o n t a b e a  a multl-  



p l e t  a t  T 5.71 ( 2  H) and tne  N-methyi sln&ec a t  , 7.57. 

The gc-mass spectrum had a two ch lor ine  kactern f o r  k' l o n  

a t  181 and 183. 

The i r  spectrum of a mixture of chioroacetatea 55- i  

and 55-2 showed an absorpt ion a t  1740 co-l. Yney bccn 

showed the oame fragmentation pa t t e rn  i n  tne gc-mass skeet- 

rum and had M' ion  peak a t  205 and 207 i n  a one cnlor lne  

pat tern .  The nmr spectrum exhibi ted  two s e t s  of' signais, 

one t en t a t i ve ly  asslgned as 53-1 wicn mulciplets  at T 3.1 

( CH.-OAo) and T 5.9 ( CH-CL), and the  acetaLe sin(llet a t  

T 7.92; the  corresponding s igna l s  f'or* 55-2 were found 

a t  T 4.9, 5.95 and 7.84. The respec t ive  assignments are 

based on the  assumption tnat  the  proton on the subs t i t u t ed  

carbon c l o s e s t  t o  the  amine, lee., C - 3, would rescnate 

a t  lower f l e l d  than the  i~ ro ton  of the oom;iound wit0 tne 

s m e  subs t i t u t i on  on C - 4. 

The go of the  orude lplxture a l s o  encwed a peak ( 5 % )  

with a mass spectrum containing peaks at  /e I& * 1, 125, 
83 and 82, but t h i s  compound was not  i den t i f i ed .  Tne 

minor q u a n t i t i e s  o f  the  o ther  com~ounds s e t  tne  ukyer limit 

of ayc l iza t lon  as 3%. 



2-7-1 h-Nitroao-N -methyl-3-0yc~ok~exene-l-metny~am~ne 
(19-2) Under 02 

The ox ida t ive  pno to lys i s  of ni t rosamine 19-2 in a 

methanol s o l u t i o n  con ta in ing  H C 1  gave endo-nitrate ambe  

26-3 ( 15$), aainoketone 28-3 ( 31$), anu w - a i c c n o l  27-1 

( 2 0 5 ) .  A similar yho to lye i s  uslng 70% px-cnlorx  acid as 

a proton source d i d  n o t  g i v e  a o r y s t a l l i n e  ~ e r c n - l o r a t e  salc, 

as found in  o t h e r  ~ h o t o - o x i d a t i o n  r e a c t i o n s  (142). ' h e  
i 

products  from cnromatograkhy of t n i s  crude reslaue were 

endo-n i t r a t e  26-7 ( ~ 5 % ) ~  aminoketone L8-3 ( U p ) ,  w- - 
a l c o h o l  27-1 ( 2 9 % )  and a 9% y i e l d  of a p o d u c t  a s s igned  as 

t h e  H C 1  salt of - endo-alcohol 36-1, 26-4. 

The n i t r a t e  i r  absorp t ions  of 26-1 were seen a t  1020, 

1275 and 860 cm-1. The nm spectrum snowed tne  pattern of 
I 

an axial  proton f o r  -CH-ON02 a t  T 5.25 ( 3 * 10, o, and 

2 HZ) and t h e  N-methyl s i n g l e t  a t  T 7.53. Tne m s s  spectrum 

conta ined  the  h ighes t  mass peak a t  m/e = 149 (bi - hoZ) witn 



t he  100%  pea^ at m/e - 82, but  no hi+ i on  yea& hl oas ic  

s o l u t i o n ,  endo-ni t ra te  36-2 was r e l a t l v e i y  s t a b l e ,  but 

n i t r a t i o n  of go--alcohol 37-1 gave an u i l s o l a c e d  n i t r a t e  

product which decomposed r a p i d l y  to ketone 28-1 as was 

witnessed by the  equal ly  i n t e n s e  peaks a t  1720 aaa 1620 

cm-' when l e f t  a t  room temperature f o r  24 nours.  Barmation 

of KO-nitrate from 27-1 i s  uost  probable,  s l n o e  the same 

n i t r a t i o n  procedure f n v o l v b g  a niLronium i o n  was used by 

Shriner (170) t o  prepare n i t r a t e s  w i t h  o p t i c a l  rotation in 

the same direction as the starting alcohols. 

The [3,2, l ]  azab icyo l i c  s t r u c t u r e  of  endo-ni trate 

2.6-7 was i n d i c a t e d  by tne  100% yeak a t  m./e - 82 In t h e  mass 

spectrum, and the double t  f o r  8-5 (J 7 H=) a t  T 6.80 In 

t he  nmr spectrum. Immediate reduo t i o n  01' the crude basic 

product ,  followed by oxida t ion ,  in a sequence similar t o  

Eq 2.6 (2-2-11, gave ketone 28-3 b i d e  sups) Ln 55s o v e r a i i  

y i e l d .  In view of the  v o l a t i l i t y  of a l c o n o l s  20-1 a m  27-i, 

and t h e  f a c t  t h a t  the  last s t e p ,  Cr03 ox ida t ion  gives no 

more than a 60% y ie ld ,  i t  i s  necessary  t i lac nitrate 2b-1 

was one of t h e  maJor souroes of ~ e t o n e  28-3. 

The ir spectrum of --alcohol 27-1 saowed absory- 

t iona  a t  3350, 2790 an4 1005 omo1. The mass spectrum had 

t h e  M+ ion  peak a t  141 wi th  t h e  100s yeak a t  m /e = 82, 

The nmr speotrum conta ined  a broad t r i p l e t  a t  T b.A (J = 

5 4 )  and the  N-methyl signal a t  T '7.50 ( b'igure 2.78). 

Jones '  ox ida t ion  t o  t h e  known ketone 28-.1 i n  >3# y i e l d  



FIGURE 2.7 The NMR Spect ra  of  exo-Alcohol 27-1 
and endo-ni t ra te  26-3. - - 



conf irmed the  [3,2, l] azab icyc l i c  system. 

The endo-aloohol HC1 salt 26-4 was obtained by 

continuous e x t r a c t i o n  of t h e  basio aquecus s o l u t i o n  ~f tne 

perchlor io  a c i d  photolysate residue*. The ir skec t rum 
-I 

of - 26-4 showed absorkticl ' is at 2 ~ ~ 3 3  ( ~ G L  s a ~ c )  d-lu l i u v  c,.i 

PRP nmr spectrum in  U2U ccntaided a ,IrulLAple:: U L  T 6 . 3  

( -CH - 0 ) ana c m  iu-me t n y l  s i ~ l ; ~ e ~  at 7 6 .  cz . L~ie  m b s  

spectrum exnib icea  a11 is,+ ion  i o r  2 u - 1  t t i  ~ 4 1  &LAC.' C m  

n e u t r q l  metnmci c o f i c i o n s  csused IAL declbease ALL ~ n c  

~ll trzsamir~e I? * uv a b s o r ~ t i m .  W G U I C A L A  CI O . L  e q ~ i v -  

n1en';s of RC1, arlu c o n t i r u e a  i r r a d ~ u t i c r l ,  cahseu a L U ~  

decrease i n  t h e  uv absorpt ion .  iu l t rcsaul l~e  Ir-L ( o y p )  

WPS reccvered frcm tne knotoiysate .  

* The highly water soluble n a t u r e  of a z a b i c y c l i c  amino 
alcohols has been noted by others ( 3 8 ) .  



2-7-2 k h o t c i y s i s  of  h l t r o s a n ~ n e  13-2 In m C i i  
- 3 ---- 



t l ou t r r l l  products ware nibrosankne LY -L ( j ,~  j , a c t r i ~ z ' c -  



+ In  7 1:4 r n t i c .  'l'rie wss ~ ~ e c t r d i i r  C ~ ~ L L E - L E U  ;ill A .  ICL 

1 pal{ at 315, 316 and the f i l l s t  fraguell~aclt,tz wzs Ll,e 1 ~ " s  

~f 17H41L'$ L C  i d 9  = 25u,258 in a one c ~ x m l n e  rbatl:, \ ~ : l i .  

Tne later f rac t lcns f'rccl znrc Llcl;~,ra~,rly C,I W I L ~  

1 h o t c l y s a t e  res ldue  c a n ~ a i n e u  bc tn  ~ ( y - 2  orik a A i d  h e r  

1 rcddct .  C ~ r n ~ o u n d  C: aj,jlears t c  De a ~ : i ~ r ~ , & i i ~ i r i e  s n w l n ,  

ir abscrptions ar; i b j d ,  lbji;, ~j'ji], ~ ~ d 3  m u  Li43 ciii-'. 

The nar  spectrua conta:ned . rnu l t ipL~~s  r i ~  T 2.- UL d.30,  

snd 6.95. The iimss s p c t r u n  had l ~ w - ~ n t e l ~ , ~ t y  ,em.s at 

m/e = 295 m d  252, wniie the c a l o r i r ~ e  i s c ~ c ~ e  +tL Cer:~ wzs 

not seen In any ci' t h e  fragmencs. 

In a dark c c n t r o l  reac t i c n  under C L ~ I A ~  , s i ra~~r .  c WN- 



2- % l  Photolysis  of 20-2 La Aoidic hettmnol 

Photolys is  of nltroaamine 20-2 in tne u s u a l  manner 

gave 20-2 ( 1$), benzaldehyde (BA, 4$), benzaldehyde oxime 

(BAO, 13$) ,  amidoxime $8 ( 2 2 $ ) ,  parent w i n e  20-1 (lo*), - 
and a product t en t a t i ve ly  assigned as yhenetnylamlne (29-1, 

3%). 

Nitrosamine 20-2 and a m n e  2d-1 were kroven by id-  

e n t i c a l  go re ten t ion  times and spectra as tnose of authentic 

samples, The produet assigned as amlne 59-1 was not is- : 

ola ted  but go ana lys i s  of the  crude residue snowed a keax 

with the  same r e t en t ion  time as t h t  cf 59-1. ' h e  gc re- 

t en t ion  times and syeo t r a l  data of both benzaldehyds and 

i t s  oxime were i d e n t i c a l  to  those of tne  autnent ic  oompounds. 

The ir spectrum of amidoxime fi snowed aDsorytlons 

a t  3400, 3200, 3060, 3025, 1650(b), l63O(b), ana 715 om-'. 

The nmr spectrum exhibi ted  a low-fieid exchangeable proton 

a t  I- 0.5, the aromatic protons a t  I- 2.85, the aetnylene 

s i n g l e t  a t  T 6.49, and the N-methyl s i n g l e t  at T 7.40. W y  

one oxime isomer was found, and was ass igned the &A-form 

based on the argUaents presented by Chow (172), Tne mass 

spectrum of 60-1 showed the in tense  M' ion  yean w i t h  acceys- 

able exact mass f o r  CgH12W20, The peak at m/e iOb (14s 

i n t e n s i t y )  gave exact  mass d e t e r a h a t i o n  f o r  C?H@v. Tnis 



peak could a r i s e  from a Beokmann rearr-ement Ln tne mass 

spectrometer (scheme 2.7a), altn~ugh Djerassi et. al. (175 

have kroven that such a rearrangement does not occur In 

benzophenone oxime. 

Scheme 2.7 ' 

Chromatography also gave an unstable coukound, de- 

signated D ,  which absorbed at 3350, 3000, 3025, 1120, lOb0, 

745 find 695 om-' in the ir spectrum. Tne nmr signals con- 

s i s t e d  of a multiplec at 7 2.9 ( 5  H ) ,  a t r i p l e t  at T 5.40 

(18, J = 5 Hz), a doublet at 7 7 .08 (2H, J = 5 dz), and a 

singlet at T 6.70 ( c a .  5 H). A yoss io l e  struocure f o r  u 

might be the ace tal 60-1 containing magnetically equivalent 

methyl groups, and could deoompose t o  nei~lacetai  - 00-2 

o r  phenylaoetaldehyde (PA). 



2-8-2 Photolysis of 20-2 in Acetic Acid 

The photodecomposition of 20-2 in 1 ~~olar d2S04 in 

acetic acid oould not be carried to completion Peoause of 

an intense emerging absorption of a pouuct overlayping 

wlth the nitrosamlne n -, rr* absorption in the 340 nu region. 

The products by gc ar;alysis were ident ii'ied as nitrosamlne 

29-2 (37%), amine ( ~ $ 1 ,  BA (lt3$), BAO ( y p ) ,  ancl two 

other compounds whose retention times corresponded co a u e  

59-1 ( 3%) and phenylacetaldehyde ( 2 8 ) .  &A was laentif led 

as the 2, 4-dinitrophenylnydrazone ( m.p. 2j5-237•‹). 

In the go of the crude mixture, no yeaK was oPservea 

for the cyclization produot N-sechylindoline, qk. armne 41, 

prepared by the metnylation of indoline*, anowed in cne amr 

spectrum a distinct pattern of mulclylets at T 2 .8  ana j .8 

for the aromatic protons and oetween T u.7 ancl T '1.4 f ~ r  

the aliphatio protons, and the N-metnyl six@ec at T 7.42, 

The produots obtained from the &notolysis in acetic 

aoid containing HC1 (0,llh) were nitrosamine 20-2 ( b p ) ,  

parent mine 20-1 (39$), BAO (I&), and N-f orinylyhenetnyla- 

mine (59-2, 19%). Formamide 59-2 was identical to an autn- 

entic sample, prepared by reacting f oralc acid wltn 59-1 

( 174 ) . The ir absorptions were seen at 3300, 3060, 3030, 
1660, 1530 (a), 745 and 700 om-l. The nmr spectrum snowed 

a doublet at T 2.04 ( 3 = ' 2  HZ), a signal at 1-2.85 t'or 

the aromatio protons, a triplet at T 7.25 ( J 7 Hz), and 



a q u l n t e t  a t  I- 6.61 ( 3 7 HZ , -CkiZ-Nii- ) wkiicfi co l l a&sed  

on D20 exohrrnge t o  a t r i p l e t .  The exyec ced i-f i o n  yearc ac 

149 was seen in  t h e  mass spectrum; the 100% yeaK was a t  

m/e = 104 f o r  the C@5- CH - CH2* fragment. + 
The nmr s p e c t r a  of the  o t h e r  cn romatogra~h lc  frsctlcns 

of the  HC1-acetlc a c i d  pho to lys i s  r e s idue  snowed a broad 

s i n g l e t  f o r  t h e  a ronk t lo  protons i n  the  I- 2.75 regLon. None 

of the mixtures showed the mult iy le t  p a t t e r n  a t  I- 2.Y and. 

3.8 of &, and were not  f u r t n e r  i n v e s t l g a t e a .  A solution 

of benzaldehyde i n  methanol when evayoracea under vacuum 

on t h e  r o t a r y  evaporator  gave l e s s  t n a n  a 533 recovery or 

benzaldehyde (See 5-let'). It is suspected tnac  evakorat ion 

of a c e t i o  a c i d  a t  a h igher  temperature caused ex tens ive  loss 

of BA, The a o t u a l  y i e l d s  of BA I n  both 2-8-1 a m  2-8-2 

t h e r e f o r e  oould be h igher  tnan repor ted .  

2-9 Interoonvermion of Benzaldehyde and nenzoldenyde 
Oxime 

Bansaldehyde, found a s  a product In t h e  knoto-deooa- 

p o s i t i o n  of ni t rosamine ZO-Z, could  a r i s e  e i t h e r  by nyaroly- 

sis of the  oorresponding oxlme o r  be produced by secondary 

photoreaot ions of 20-2. A ~ h o t o - B e o ~ ~ ~ n n  rearrangement o f  

BAO t o  benzamide does not  w c u r  when > jOO nm l ight  was 

A s e t  of c o n t r o l  r e a c t i o n s ,  using gc anaiysls, snowed 

t h a t  acid hydrolys is  of BAO a t  room temyerature,  o r  &noto- 

l y s i s  of BAO (Rayonet 350 nm lamps), o r  s c i r r i n g  BAU wltn 



M-nitrosodimethylaml.ne (Nm) In the dard gave 3 k l i b  bA anci 

1$ y i e l d  of a product wi th  i d e n t i c a l  r e t e n t i o n  clue as 

b e n z o n i t r i l e ,  BA when s t i r r e d  wi tn  AWh i n  acia gave b$ 

BAO, but pho to lys i s  (Rayonet) of t n i s  s o l u t i o n  GO i9-15% 

NDM deomposition gave only BA. When acidic solucion 

of equal  amounts BAO and NDM was yhotoiyzed (Hayonec 550 

nm lamps) t o  10% NDEl deaomposition, Lne y i e l d  of oenzaide- 

hyde increased  t o  9%. When an dCi-metnanol so luc ion  ot' bkC, 

and NDN (1:2 #atla) was photolyzed using a Nonex l ' i l ce r  anu 

200 Watt lamp u n t i l  80% NDN deooaposi t lon,  a~~roximacely 

50% of tne BAO nad disappeared and FU inoreaaed t o  25$. 

The dark o o n t r o l  r eacc ion  under similar c o n c l i t ~ o n s  snowed 

only a 5% inoreaoe in BA, 

2-10-1 React ion of  20-1 witn h'errous S u l f a t e  

The r e a c t i o n  of ohlorauine 2 0 9  wlbn fe r rous  Lon In 

1 Molar H2SO4 - a a e t i c  a o l d  gave benzyl c r i ior ide  (BC, 4031, 

parent  amine 20-1 (42;%) and a produot wi tn  tne gc r e t e n t i o n  

tame of 3-L.  (2%). There was no peak i n  the gss cnromato- 

gram correeponding t o  a a i n e  61, BC wan i d e n t i f  Led by coa- 

par i son  of i t s  ir and nmr s p e c t r a  wlth an a u t h e a t l c  sailikle. 

The y i e l d  of BC may be n igner  s inoe  a part was l o s t  wrlen 

the so lvent  was removed using the r o t a r y  evaporator .  



2-10-2 React ion of 2 0 - 1  wi tn  S i l v e r  liltrate - 
A n i t ren ium ion cyc l i za t io l i  ( 3 3 ,  07)  was a c t e q t e d  

by r e a c t i n g  s i l v e r  n i t r a t e  wi tn  ch lo raa lne  In r e f l u x i n g  

methanol. The major product was parent  amlne (32%) 1 no 

methyl indo l ine  could be de tec ted  by gc analysis. 

The go of the crude mlxture ocntalned a keaK cor res -  

ponding t o  that of banzylmethylether (ME, 2%) and none 

for benzaldehyde. However, both BA and SlE were obtalned 

from chromatography of t h e  mixture, lnrpure EWE; nad a b s o r p  

t i o n s  a t  7 2.9, 5.5 and 7 6.67 in t h e  nmr spectrum. BA i s  

bel ieved t o  be a product of seoondary r e a c t i o n s  on tne crarcm- 

atograyhy colunm, poss ib ly  by AgzO ox ida t lon  01' cne minor 

product benzyl a loohol .  

Three u n i d e n t i f i e d  compounds were iouna  ln cne cnro- 

mtograph io  f r a c t i o n s .  The f irst  two, canyowas  E ana l?, 

each aooounted f o r  less than 3% 01' starting ainine 20-1. 

Compound E showed ir absorp t ions  a t  3000, 1645, ib?j, ibOO, 

1070 and 700 omw1. There were Lou-intensi ty  peals i n  tne 

higher  mass region  a t  m/e = 160, 151, 121 and 105, and tne 

peak at m/e = 75 was t h e  most i n t e n s e  iu t n e  m s s  s p o t r u m .  

The nmr speotrum showed m u l t i y l e t s  a t  T l.& (2h), Dstween 

T 2.4 - 2.8 (3H), and oontalned s i n g l e t s  a t  T 4.8 ( Id )  

and T 6.52 (oa.  jH). A t  room temperature,  comgound E; de- 

oomposed t o  benzoic a o i d  as shown by t n e  carbonyl  absorbcion 

a t  1700 c d  and the  I•÷+ i o n  peak a t  122, wi th  m/e = 105 



a8 the 100$ peak. Impure comycund F gave absorptions lii 

the ir syeotrum at 3300, 3060, 3025, 1079, 1070, 750 and 
-1 

700 cm The nmr peaks were at T 2.8 ( m ,  OH), T 0.~1 

(8,1H), T 6.76 ( 8 ,  lH), T 7.2 (a, 4 H ) ,  and 7.68  ( s ,  1i-i). 

The mass spectrum of F snowed the ion yea& at 268, and 

the intense peaks af m/e = 104 and 91 expected frou a 

phenethyl fragment. 

The third unknown, compound Q (ua. 73 y i e l d ,  absorb- 

ed at 3340, 3060, 304, 2780, 1080, 1055 an? 700 c C 1  in 

the ir spectrum. The nmr spectrum of G concainecl a mult ik-  

let at T 2.8 ( 3 H ) ,  doublets at T 5.74  ( I n )  ami 76.43 (la) 

with couplings of 7 HZ, singlets at T b.04 (3H), T o.87 

(3H) and T 7 .80  (3H), and one Dzi) exchangeabLe procon at 

T 8.03. The mass spestrum showed two low-lnlenslty y e a u  

at m/e = 196 and 195, and the 100%'yeak at m/e = 120. 6 

product euoh as  a w o u l d  be consistent with all sf the 

available data f o r  0, but no plausible meonanism for tne 

formation of this product can be  advanced. 



2 -11-1 Radio81 Inl t iation ox' N4klorauine Adai cion 
React ion& 

Initiation with ieobutyronitri te radiaals, tnerually 

generated from a, a. -azo-m-LsobutyronitriLe (A1BN) ,  of tm 

addition of N-chlorodiethylamine (CUE) to 1-butene in 4 

Molar HzSOq-ace tic acid gave tne ionic adalcion kroduc t , 

The major product from the reaction was assigned as 2-ace- 

toxybutane, 63-2. Chloramine radical adai Lion produc ts, if 

formed, were less than 0.55 yield judging iron tne amount 

of basic product. 

Impure 63-1 was charaoterized by tne r u r  absorhtions 

at 7 5.06 (CH-OAc), T 6.41 (d, J = 5 . 3  HZ, - 7 7.97 

(-Oh), T 8.35 (-CH~-), and T 9.08 (t, J = 7 Hz, - C H 3 ) .  

The ir absorption of the acetate was at 1743 cm'l, and che 

mass spectrum showed no M + ion p a K  but yeans at m/e = 121 

and 123 (3:l ratio). The nmr spectrum 01' -, contaninaced 

with 63-1, exhibited the acetate singlet at T 8.0 and a 

rnul t lplet  for CH-OAc at T 5.28. The ir spectrum snowed 

1735 and 1030 omo1 absorgtlons. 



Since c h l o r a n h e s  aan decomkose L O  14, A\ - ~ i c ~ 1 A o r a u n e s  

o r  C I Z ,  e i t h e r  of which could i n i t i a c e  cnain r e a c t i o n s  ( 5 0 ,  

132) ,  the  following r e a c t l o u s  ea~loyed t ne  more s t a ~ l e  

s u l f u r i c  a c i d  salt of N-cnlorodimethy1amine ( ~ U J P A )  ( i j2). 

The reac t ions  were run i n  4 klolar 82SO4 in acetic3 a c i u .  

The peroentage y j e l d s  were c a i c u l a t e d  based on t r ~ e  stiartiu 

dime thylamine hydrochloride and t h e  reac c ion r'ollowed oy 

C1' disappearance monl to red  by t n i o s u l f a t e  tibration. 

The r e a c t i o n  of H C M  with  1-ksexene gave t ne  same 

products e i t h e r  from tne  dark c o n t r o l  reacticn i n  t n e  

absence of i n i t i a t o r ,  o r  from t n e  pho to lys i s  (350 nm) or a 

so lu t ion  con ta in ing  a , a -azo-b~-cyclonexy1.aicri1e ( ~ C i i h ) ,  

The n e u t r a l  f r a c  t i o n  conta ined  kroduo t s assidned as crucro-  

ace toxyhexue  64-1 (ca, 14%) and 2-acecoxyhexane (6b-2), 

based on the  nmr s i n g l e t s  a t  T 7.97 and T 8.05, and t n e  

s l i g h t l y  longer  gc r e t e n t i o n  times as coupared t o  cne 

butane analogues, 63-1 and 63-2. The ~ a s i c  r ' r ac t lons  r roa  

both the c o n t r o l  and yho to lys i s  r e a c t i o n s  were in very 

small q u a n t i t i e s .  Tne nmr s p e c t r a  of bo tn  bas ic  f r a c t i o n s  

exhib i ted  a u l t i y l e t s  a t  7 5.9, 6.4 and 7.3 ana sii4&3cs 

at  T 7.51 and 7.98 ,  The gc-mass spectrum e-dested tnat 

one component(40$ and of' t h e  c o n t r o l  and yno to lys i s  

basic  f r a o t i o n s  respectively) may b e  1-chloro-2-dimethyl- 

aminohexane, 64-3, which displayed t h e  190s yeair a t  a/e = 114 

f o r  M - CH2C1 but no ion  peak. The y n o t o l y s i s  bas ic  

f rao  t i o n  ( 90% one comp0n84t by go) ,when analyzed by a i r e c  t 



i n s e r t i o n  as, suggested t h e  presence of' a cermlnal dlmetny- 

lamino group by the  100% i n t e n s i t y  yean a t  m / e  = 38 i'or 
+ 

Me@=CH2. E l t h e r  - 0 - 4  o r  64-5, o r  a mixture,  c o u l d  exylaln 

the o t h e r  peaks a t  m/e 163 and 165 (3 :1  r a t i o ) ,  and a t  

m/o = 129 oorresponding t o  M - 58 froin 6 4 - 5 .  if a l l  tne 

basic  yho to lys i s  product was chloramlne adduct, tne y i e i d  

w a s  CR. &. 

of IfCDM wi th  d i a l l y l e c n e r ,  tne basic i ' r ac t ions  or' b o t h  tne 

c o n t r o l  an8 pho t o l y s i s  r eac  t l o n s  contained cne same uixcure 

of produots as anown by gc. The major p o r t i o n  01% tne basic  

material appeared t o  be amlne-aoet oxy adduc ts Decause o t  

the  nmr s l n g l e t s  a t  T 7.63 ( N C H ~ )  and 7 7.91 (OAC) ana cne 

Ir absorp t ion  a t  1740 amo1; t h e s e  adducts  nay be formed ~y 

a n  5,-2 r e a c t i o n  of amlne w i t h  65-1. The low y l e l d  ( < l ;b )  

made f u r t h e r  i n v e s t i g a t i o n  of l i m i t e d  value. Tne n e u t r a l  

f r a c t i o n s  contained,  as a maJor oomponent, a product cent- 

a t l v e l y  ass igned as 1-chloro-2-acetoxy adduc t 05-1 ( 25% 

y i e l d ) .  The ir absorp t ions  of 65-1 were a t  1740, iOju and 

740 cm-l. In t h e  nmr spectrum, m u l t i y h t s  were seen centred 



0 Ac 
I 

C1-CH2-CH-CH2-0-C3ilj 05-1 

( CH3 -CH~-CC~Z-CH~C~ b6-A 

The reaction of HCDH with 2, 3-d~cnloropropene, 

initiated by the yhotolysis of ALBN, gave m e  alaetnyiarnUo 

chloro adduct 6 6 ~ 1  (33%). Compound ub-1 snowed ir absory- 

tiona at 2795 and 700 om-l. The nmr spectrum consisted of 

three singlets at r 5.89, 6.97 and 7.56. Tne hT ion 2eali 

at 189 and 191 showed the exgec ted pactern t 'or cnree cnlorlne 

atoms, and the spectrum had the 100% m/e = 58 yea& for 
+ 

Me$ =CHz* 

2-11-2 Attempted Generation of Aainium Hadloals from 
Protona ted Aminel, 

The faclle formation of cnloro-acetoxy adducts i.n m e  

reaction of chloramines with simple olefins suggested the 

possibilitx of an equilibrium existing, as outlined ln 

Soheme 2.8. Acetylhypohlorite might a l s o  oe actlrrt; as a 

photoinitiator (Soheme 2 . 3 ) ,  i f  i t s  uv absor&tlon8 &ere 

similar to those of t-butylhypochlorite (305 nm,c * lo) 

(176). The acetoxy radioal, 



or the @.ethyl radicral, from the decornposit~on ot' Po I c ) ~ c ) ~  

in benzene preferent ia l ly  abs trac t s  an a-hydrogen ratner 

tnan the N-8 of an amlne (177) .  A side r e t r o t ~ o n  wicn r b i & & ~ ) ~  

sa l t  Is formation o f  the acetamide der iva t ive  (17 / ) .  

The same a-hydrogen abstract ion  r e a c t i o n  i s  seen wltn 

hydroxy radioals and amlnes ( 17 8) . 
In a thermal reac t ion  of  Yb ( O A C ) ~  with diyeatylaaine 

(DP) i n  a a e t i c  ao id ,  the products were DY (24%) and N, 

N-Ulpentylacetamlde (62, 13%). Amiae 42 snowed an i r  absory- 

tlon at 1640 amo1, and nmr signals at  r b.70 (CHz-h) and 

7 7.98 ( OAo). The kl+ ion peak was v i s i b l e  at 199, Oaiy 

parent amine DP was reoovered from eitrier a t h e r a a ~ ~ y  o r  



a photochemioaily i n i t i a t e d  deccmyos i~ ion  or' YD(OAC)L) in  

4 Molar H2SO4 i n  a c e t i c  a c i d  in tne  presence o f  W .  

When DP and calcium nypocnlorice were s~irreci f o r  

one weeK i n  4 Molar H2SOq-acetic a c i d ,  only was recoverea 

and there  was no i n d i c a t i o n  of N-cnlorodipentylauine (Cur) 

o r  N-pentyl-2-metnylpyrollidine, the latter expected t o  

show the 2-methyl double t  in the reglon or' T 9.Q. ijnen CUP 

was s t i r r e d  i n  the  same solvent  f o r  ten minutes in  t n e  darli, 

only CDP was recove~*ed. 

2-12 Attempted I n i t i a t i o n  of N - h i t r o s o ~ i ~ e r i d i n e  iitialcai 
Reac t ions  

Carbon r a d i c a l s ,  i r o n  ions ,  ana ariiido r a a l o a l s  a i l  

proved t o  be  unable t o  i n i t i a t e  tne docorilyocition of 

N-ni t rosop ipe r id ine  ( M P )  t o  the y i p e r i d i n l u n  radrcal l.n 

a c i d i c  media. 

In the  presence of cyclohexene, A J ~  (O.Ur) sncwed, 

by the dearease i n  t h e  345 nm p 3 a K  i n t e n s i t y ,  akyroximacely 

15% deoomposition a f t e r  46 hours r e f l u x h g  i n  ar~ dC1-met-01 

s o l u t i o n  conta in ing  AIBN ( O . O O 5 J I  ) . Prom cne m o u n t  of 

baslc material recovered, the maximum y i e l d  of a d d i t i o n  

product 49-1 was l e s s  than  1%. The n i t r o s o  peak i n t e n s i t y  

a t  345 nm of an HC1-methanol s o l u t i o n  oonta in ing  NP (0.17idi) 

and AIW (O.015Pl) showed a 20% decrease.  a f t e r  41 nours 

re f luxlng ,  IUF (67%) was recovered, and p i y e r i a i n 8  nydro- 

oh lo r ide  (HP, 8%) was t h e  bas ic  product.  These y i e l d s  

a r e  comparable t o  the  r e s u l t s  of acid nydro lys l s  in t n e  



absence of r a d i c a l  i n i t i a t o r  (172). 

In1 t i a t  ion  a t  tempts w i t h  AIBN o r  ~ e n z o y l  kercxlae 

i n  a r e f l u -  t r i f l u o r o a a e t i c  acid-berlzene so luc ion  

conta in ing  HP and cyclohexene proved u r ~ s  U C G ~ S S ~  dl, as snown 

by an increase  in the absorption in tne  330-3'10 nm redion 

caused by evaporat ion of benzene. Tne bas lo  l ' r a c c ~ o n  t ' ron  

the  AIBN r e a c t i o n  in  benzene appearea t o  be a deoomposition 

product of AIBN,  sinoe no nmr signals were observed below 

-T 8.28 except f o r  a D20 excnangeabie proton. 

The use of i?e2+ ions as a redcx c a t a l y s t ,  sna~ogous 

t o  chloramine reao t lona  (5 ) ,  d i d  not produce arnlnium r a d i c a l s  

from NP, wnich was reoovered from t n e  reac t ion .  

Y&tolysis of N-ni troso-N-aetnyiace t au ide  (iuFiii) causes 

abs trm t i o n  of a l l y l i c  hydrogens r a t h e r  tnan  addit ion t o  

the double bond (74), and pho to lys i s  of iucrosamldes in  

a c i d i c  media g ive  p r imar i ly  tne nydrogen a b s t r a o t ~ o n  

product (179). Amido r a d i c a l s  might a b s t r a c t  tne l&@ groug 

from ni t rosamines,  s i n c e  the  i\C-N bond i s  of lower energy 

(53 koal,/mole) ( 1 9 )  than an a l l y l i c  C-H bond (77  ~oa i . /mole )  

(180); i f  suoh a n i t r o s o  group t r a u f e r  occurs ,  in Gne 

preaenae of a c i d ,  aminium r a d i c a i s  nay be generated.  A 

t r i f l u o r o a o e t i c  acid-benzene s o l u t i o n  o o n t a i n i w  M A  (0.13&4), 

XW (0,04M), and cmlohexene (O,O8N) w a s  khotolyzed wltn 

the f i l t e r  eo lu t ion  whim cut -of f  tne energy beiow 400 nra, 

The yhotolys is  was stopped when 38s oi' tne nitrosamide 

absorpt ion  had disappeared. Tne basic ;t rac t i o n  contained 



only NMA ( v i d e  i n f r a )  w i th  no evidence fcr a ru l ruum r~d1ca.L 

produc t s. 

2-13 N-Nltrosamine Yno to-ellmina cion Aeac u o n s  

Previously i t  nas been snown t m c  nitrosamlne 2i-2 

does n e t  add photochemically t o  o l e f i n s  rn aciuic uiedla 

( 128). Photodecomposf t i o n  ot' 21-2 was carefully re-examinec 

to  determine the  r e a c t i o n s  of tne a m i n i u m  radlcaL. l r i  t i C i  

-methanol, 21-2 gave amidoxime 68-1 ( 8956') ana sane 2 G 1  

(39%), based on > 98% of 21-2 r e a c t i n g .  

Examination of the ether extract of' tne & n o t o l y s l s  

r e s idue  by t l c  snowed only a spo t  t o r  aruiaoxime 08-1. Yne 

spectral data of 68-1 was i d e n t i c a l  w i t 1 1  W o s e  publisned 

previously  ( 128). 

2-13-2 Yhotolysis  of N-Ni t rosopQer ia ine  under 02 

Oxygen has  been snown t o  be incapable of' quencning 

t h e  photolyses  of n i t rosamines  (181)  anu,  In t n e  &notoad- 

d i t i o n  of n i t rosamines ,  e f f e c t i v e l y  d i v e r c s  tne NO radlcal 

comblnation r e a c t i o n  t o  c l e a n l y  produce nitrate adducts 

(142) .  Although there are no examples of 1, 2 hydrogen 



migrations i n  free radlcal chemistry \162), tnere existed 

a remote possibility that  a nltrosamine knoco-elirninaclon 

reaction might involve a carbon rad ica l ,  e l t n e r  1 cr 11 

i n  Scneme 2.10, whicn could be traykeu by an  iWj r a d l c a ~  

o r  oxygen t o  give p roduc t s  sucn as 0 2 1  or u9-2, Ro such 

products  were found i n  tne photolysis of ni trbsoki&t?ridine 

(NP) lander oxygen. 

The products from the oxidative ynotolysis of MPv in 



HC1-methanol were dipiperidlnome thane f 70, 21$), &ikerlaii-ie - 
hydrochloride (HP, 2 ~ $ ) ,  and N-formylylyeridine (71 ,  oa, 1Gp). - 
Compound a was i d e n t i c a l  wi th  a sample preyarea by r e a c t i i k  

p i p e r i d h e  with CH2Clz in the presence of a b a s e  (183). 

Formamlde had i d e n t l o a l  ir  (1670 cm-'1 and mass s p o t r u b  

as those of an a u t h e n t i c  sample (174).  

When MP was pho tolyzed i n  aqueous tic1 unaer oxygen, 

the r eac t ion  was slower t n a  in acidic metlrlanoi, and Ni 

( 24%) was recovered. P i y e r l d i n e  hydroonloride ( l 7 p )  was 

formed, but t h e  maJor product was assigned as cne unstable  

t r imer n i t r a t e  22-1 (43$). The expected s t r a n d  i r  absor-  

p t lons  for the n i t r a t e  were seen a t  1030, A260 ana 660 omo1, 

and the mr spectrum oontained a m u l t i y l e t  at 7 2.0. 'rule 

highest  peak i n  tne mas8 spectrum was at a/e = 249, wnich 

would correspond t o  M - HW3, and the LOCI$ peaK was at 

m/e = 83 f o r  CgH9N . Attempted sublirnatiun gave a s e a l -  

s o l i d ,  whlch appeared t o  b e  a l c o h o l  72-2 snowing ir a b s o r p  

t l o n s  a t  3300 and 1050 om-' and only a weaa lb30 om-& ab-  

sorption. Tnese produots a r e  suggested t o  ierm t r ~ m  tne  

same trlmer in termedia te  as i s o t r l p i p e r l d e l n ,  72-rL f o u a  

from the  photo lys ie  of NP under n i t r o g e n  in aqueous HC1 (41) .  



2-14 Quantum Yield of N-N~troscdimetnylamiue 
D i s a ~ u e a r a n c e  

The quantum y i e l d  of disappearance ( $  u i s )  02% 

ni trosodime thylamins ( NDH ) i n  aqueous HC1 unuer n i t r o g e n  

was measured in a merry-go-round abyara tus  using a f e r r l c  

oxala te  ao t inoae te r .  (See Experimental 5-21-1). The glags 

f i l t e r ,  CS 7-60, nad maximum tral?smission a t  j50 nm, so 

only the n + n w  nitrosamine absorp t ion  was i r r a a i a c e d .  Yne 

values obtained were cor reo ted  f o r  t n e  proyorclon of l i @ c  

absorbed by t h e  sample compared to  tne act inometer ,  f o r  

example, 30% of the uv l i g h t  was absorbed by a 0.01 k ~ o l a r  

so lu t ion  of NDM (F igure  5.P). The c o r r e c t e d  g d i s  values 

were 0.26 and 0.29 f o r  0.1 and 0.01 Flolar aqueous s o l u t i o n s  

respect ive ly .  

The quantum yield of n i t r o s a a i n e  disappearance does 

no t  appear t o  be s i g n i f i o a n t l y  concen t ra t ion  dependent, 

conslderlng t h a t  t h e  t o t a l  e r r o r s  in  ) d i s  is i 25s. Tne 

$ d l s  values f o r  nl t rosamines i n  metnanol nave D 8 8 n  f'ounu 

t o  be 2.5 ( 2 )  and 2.7 t o  3.8 ( 2 ,  1841, t h e  l a t ~ e r  in  t h e  

prceenae of o l e f  in. ' The $ d i s  values in aqueoua YC1 are 

closer t o  t h a t  of N-ni trosodibenzylamine in  trii ~uoroace tic 

acld-benzene dl8 r 0.75 ( 4 4 ) ,  o r  $ d i s  of WiA in benzene 

( 0 . 5 )  (185). 



2 - 1 5  Analysis of Nltrosarnlne kno tcuecom~os i  t i on  
Product  

It  was desirable t o  d e t e m l n e  me q u n t u  y ieLu  o t  

product f o r m t i o n  i n  t n e  n i  t r o s a m h e  &no tbaecomposi tlca 

r eac t ions ,  rather tncuz t h e  o v e r a l l  quantum y l e i a  01' n i w o -  

samine disappearance. Tn t h e  concencrbaclcn ran&?. used 

( 0.1 t o  0.01 M) i n  the quantum y i e l d  d e t e r u u a t i o n s ,  Lt 

-4 
was necessary t o  d e t e c t  small quantities (ca. 10 ao ies )  

of decomposition products ,  i .e.  k r i m r y  and secondary t i m i n e b ,  

and amldoximes (1). 

Gas chromatographic a n a l y s i s  cf a d n e  uixtures were 

examlned, Of t h e  v a r i e t y  of go columns t e e t e d  (bee  2able 

5.2),  t h e  best separa t ion  of amines occurred on 20% iiowfax 

9N9 (186), coated on a s o l i d  sugyort  containixig a 20% 

loading  of KOH, o r  on a Chromosorb 103 column (187). Tne 

Dowfax 9N9 column d id  not  ccmpletely resolve methylamine 

( M )  and dimethylamine (Dbl) ,  Tie Ci~oaosorb 103 oolumn 

displayed 'ghost '  peam, i ,e . ,  wnen an aqueous basic solu- 

t i o n  conta in ing  no amine was inJecced i n t o  tne column 

d i r e c t l y  a f t e r  an a n a l y s i s  of an ainine so luc lon ,  i t  produced 

peaks corresponding t o  those of' the  y rev icus ly  LnJec\ted 

amines. This  phenomena i s  aommon w i t h  gn ot' p o l a r  amines 
L 
r 
b ( 188). Obviously q u a n t i t a t i v e  work would be alt  f ' i cu lc  

under these  condi t ions .  

Attempts t c  u t i l i z e  t n e  complexacion a o i l i c y  or 



e q u a l l y  un: ;uccer~ fu l  (See 'l'abie 5 .>). ; ~ ~ ~ : C ~ - , ~ ~ - L ~ ~ L L , ~ ~ L L - L ~ :  

c I I ~ I R ~ , ~ : :  c c c u m d  upon tile a c i d  t ivn  ~i ~ e v e r ~ i ~  A L ~ ~ a ,  a ~ i  t 

n o t n ~ l y  Cu 2+ , but  t h e  s2ectrai  s t i l f c s  were Jd%eu cu u e  

2-1 5 Sumniary 

Ycgether with ccmparable r e s u l c s  cl' (; ixsr dor i . e r~ ,  

the r e s u l t s  of tne thesis e x y e r i m n c s  a r e  su~;ltrlirrlzeu o e r w  

in Tables 2.8 t o  2.12. 



Amide ole f inb 
Derivative Position 

5,6 

Isolated k r o u u c  t s i ' o t a l  Cyclic A- - Size - 



Table 2.8 Am ido Radical Cycllzatlons (cont 'dl 

Amlde Olef in T o c a l  Cyclic king 
Derivative Positioq Isolated Produc ta jrroduc t ( B )   biz^ 

Yhotolysis were run in benzene under Nz, and yields 
based on the amount of starting ahiae, except wnere 
noted. 

Position of the olefinic oarbons relative GO tne asLao 
radical. 

Includes only those oonfiraed as c y o l l c  proaucts. 

Compounds tentatively assigned. 

Yields based on 13-2. yhotolyzed in acetic acid. 

Yields based on 13-2, yhotolyzed in tetran~drof &an. 

Under oxygen atmosphere. 

Bromotrlohloromethane as solvent. 

Yield based on 14-z was 89%. 



T a b l e  2 .() C y c l i z a t i o n  of Aminlum Hadica, ls  

Amine Olefinb 
Derivative Position 

C 'dotal 
Isolated kroduc ta Cyclic 



a. Pho to lys i s  were run in HC1-methanor unaer 1kZ aua y i e l a ~  
based on the amount of reacted aulne derlvatlve 
(usually > 8j$), except wnere noted. 

b. Position of the o le f in io  carbons relative t o  tne asum 
radical. 

c. Includes only those oonfirmed as c y o i l o  proaucts. 

d.  Compounds tentatively assigned. 

e .  N-Chloramine 17-7 reaction catalyzed by iron ions, 

f . Under oxygen atmosphere. 

g . 25% BromotriohloPouethane-methanol a o  solvent. 



Table 2.10 Decomposition of 

N-Methylphenethylamine Derivatives 

A m i n e  
Derivative Conditlona 

a Produo t B ? - scission 

k 9 (6% Z Q d ( 3 0 P 4 ,  
HCL-HOAO BAO 12%) , -( 1y$) 

a. Yields based on the amount 01' aaine derivative, except 
for the A 8 0 3  reaotian where they are ~assd on a w e  
20-1. 

b. BA = benzaldehyde , BAO = benzaldenyde oxiae, 
BC = benzyl ohloride , PA * ghenylaoetaldehyde, 
BME benzylmethyl ether, 

. Tentative asrsignaents. 



Table 2.11 N-Chloramine Interatoleoular Additionsa 

HCDM AIBN , diallyl- g5-1( 25$) 0-13 
hr ether 

CDE(191) hv diallyi- b5-2(49$ ) 
ether 

HCDN AIBN , dichloro- &(33$) 
L r  propene 

a Solvent is 4MH2S04 in aoetio aoid. 

b e  DB = diethyl amine, CDE = chlorodiethylamine, CP = 

ohloropiperihine. HCDM = H2SO& ohlorodimethylamine 

C .  Tentative assignment. 



Table  2.12 Decomposition of  Nitrosamine 

Nitrosamin~ Condi t i o m  rraduot.a Ellulna t Lon 

a.  Photolysis  of n+n* transition band yields based on 
reacted nitrosamine, except where noted. 

b . NP - ni trosopiper idhe  , HP = HC1 yiyeridine 

a .  Yield based on NP 

d. Tentative assignment. 



Throughout t n i s  work the  primary eaphasis has been 

placed on the synthet io aspects of amlniun and a d d o  radical 

reaotions.  Thus, f o r  the cyc l i za t ion  reac t ions ,  the major 

e f f o r t  was di rec ted  towards providing an overview of the 

condit ions oonducive to t he  i n t r ~ m o i e c u l a r  add i t ion  of a 

rad loa l ,  r a t h e r  than a de t a i l ed  examination of cne by- 

produote t o  determine the reac t ion  pathways. 

The y i e ld s  obtained i n  the  maJority of Gne cyc l i za t i an  

reaot ions  were not optimized and could be improved, part- 

i c u l a r l y  i n  the  i s o l a t i o n s  o f  oximee 1# wnion the choice 

of oolumn chromatography condi t ions  was c r i t i c a l .  T n l s  

olaim i s  self-evident  by an examination of tne  r e s u l t s  of 

t h e  most extensively invest igated khotolyees of n i t roaaa lde  

8-2 and nitroearnine 15-2, uhioh show the nighest  glelds. 

Since i n  t h e  yhotolyees of n i t ro saa ides  aud onloraaiaes,  

the  yields reported were caloulated on tne amount of 

s t a r t i n g  amide, the  cyo l iza t ions  w81W aore  eft  l c i e n t  tnan 

thoee given In Table 2.8. Nitrosamides. a r e  mown t o  be 

thermally une table and a l s o  decoapoee i n  basic so lu t ion  

(130, 150); therefore,  during the i s o l a t i o n  of the crude 

nitroearn3.de, some deoomposltion was expected even tnougn 

maximum preoautions were taken. Also the  o l e t ' a i c  b o d  



reaot with the nitrosating o r  cnlorinatiw agent (See Tables 

2.2 and 2.4) whioh reduces the amount of' cyclizatlon bro- 

dUc t 0 

The spectral charac t e r i s t l c s  of tMe prepared compounas 

are oomparable t o  those of other nitrosaUAlcie8 (150), chlor- 

The nearly identical ir and nmr cnaracteris t i c s  exnibited 

by saturated ni trosamide 7-2 and u s a  turated n l  trosamide 

8-2 provides no indication t h a c  the nitroso group and tne 

olef  lnic bond are intrzamoleoularly interac t-, a l t n o w  

aromatic moleoules form Ycollision comylexea* w i c k l  nl t rc-  

samines (193). The nmr olefinic proton s2.8nals 0%' nitro- 

samines are ehif'ted downfield sligntly (0 .1  t i a  0.2 &pa) 

oompared t o  the parent amines, probably caused by a Long 

range anisotropic effect of the ni trosamino group ( l94-ly6), 

In oontrae t t o  n i  trosamines, nitrosaaides generally 

exhibit one get of proton ~ignals in  tne nmr syectrua, and 

have bean interpreted as having tne an$&-oonfiguration(Figure 

3,1)(179); a freely rotating NO group would be an alternate 

explanat ion. 
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The cis-protone of n i t rosamines ,  l .e., on t n e  same s i d e  

a8 the n i t r o s o  group, have been shown t o  d e n e r a l l y  r e sona te  

a t  higher f i e l d  than the t rans-yrotons (197). 22- araoign- 

ment of t h e  ant i -oonf igura t lon  t o  the a t t roaamiaes  prepared 

i n  t h i s  work would be o o n s i s t e n t  w i t h  t h e  observat ion  t n a t  

the  o l e f l n i o  protons of n i t rosamides  9-2 and 11-2 (P igure  

3-1) are s h i f t e d  s l i g h t l y  u p f i e l d  w i t h  resyect t o  t n e  yarenc 

amides (0.11 and 0.13 ppm r e s p e o t i v e l y )  , i n  c o n t r a s t  to  tne 

small downfield sh i t ' t  (0.03 t o  0.04 y p d  of the o i e f h l o  

protons of the  o t h e r  n i t rosamines ,  suah as &&, 

3-2 Intramoleoular  Cyol lza t ion  

A s  o m  be seen by comparing T a b l e s  1.1 t o  1 ,3  wlcri 

Tables 2.8 and 2.9 (Resu l t s ,  2-16}, che r e s u l c s  of t n e  

n i t r o g e n  r a d i o a l  o y o l i z a t i o n s  In th l s  worg agree  wicn, and 

extend f u r t h s r ,  tne published observat ions  on otner r a d i c a l s .  

The genera l  r u l e ,  that whenever a onoloe e x i s t s  between 

cyo l i za t iwn  t o  e i t h e r  a f i v e -  o r  a six-membered ring tne  

five-meat~ered ring e r o l u s i v e l y  forms, is  a l s o  t r u e  f o r  botn 

aminium -8 amido r a d i o a l s .  'Jhe r e s u l t s  of n i t rosamides  

8-2 m.d 9-2 show that an arnldo r a d i c a l  w i l l  o y c l i z e  t o  e i t n e r  

the  a c y l  o r  the a l k y l  s i d e  chain. The d i f f e r s n o e s  i n  the 

o y c l i z a t i o n  y ie ld6  are n o t  s u f f i o l e n t l y  quantitative a t  t h i s  

t%me t o  make d e f i n i t e  oompariaons oonoerning ease of oyo- 

I. i z a  t ion. 

The aminiurn r a d i o e l  from 16-2 (111 ) and the miqo  
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radicral from 32-2 (AV) have a choice of i'crming eltrler a 

six- o r  R eeten-membered ring (Figure 3-21, and cyollze Ln 

oomparable y i e l d s  (31% and e5$). Tne products are ~e l i eved  

t o  be six-membered rlngs, largely based on tne prefererne 

f o r  this  mode of cyolization i n  other radicais (Sea Table 

1.3). Waegell et .  a l .  (198) have recentiy snown tnat the 

metal-ooordimted amine radical V cyolizes t o  a six-membered 

rlng, and yields amino-ketone 50-1. 'L'ne fact  t r u t  tne 

reported 100s intensity peak f o r  30-1 arln a mador peak c;i' o x h e  

asslgned as  20-1 i s  the same a t  m/e = 96 (198) supbort che 

assignment of the struoture of the l a t te r .  n 

The Hofmann - Loff l e r  reec tion of W-methylcyclohex- 

ylaminium radioal, union involves nydrogen transfer In a 

boat form of a aix-membered transition state,  ooours i n  

11s y i e l d  (81, b u t  only under drastic oonditions. It is 

expeo ted that' the radicals from ni trosamide 11-2, nitroa- 

amine 17-2, and onloramine would be d i f l iou l t  t o  cyc- 

l i ze  through a boat form of a five-membered traneition s t a t e  

and prefer other pathways.* Lndeed, both tne micro and 

* The author has found tnat cyolohexa-3-glnl trene, - 
erated by Nagata's ~lstnod from the yrimary amine (t3yfp 
also f a i l s  t o  oyoLize, 



aminium r a d i o a l s  mentioned above and tne r a d i a a i  from 18-2 

deoompose by a -e l iminat ion  o r  $ - s c i s s i o n  ( Soheme 3.1) ; t h e  

l a t t e r  pathway leads t o  a resonance s t a b i l i z e d  a l l y l i c  

r a d i o a l  au shown. 

S t e l l a  (112) found similar decouposl t ion In the 

photo lys ie  of t h e  chloramine snown in Scneme 3.2, obtaining 

paren t  amins and polymerio produter  . O n l y  tile tltaniu- 

initiated r e a o t i o n  of t h e  ohloramine gave a lj$ y i e l d  ox a 

pyrro l idone  d e r i v a t i v e  (112). S ince  a cnloramine oontain- 

in(; a A 6 ~ 7  o l e f  in a l s o  d i d  n o t  c j o l i z e  wnen ~ n o r o l y z e d ,  

but d i d  in the p r e s e m e  of ~ i 3  , there are s t r o w  indlo-  

eltlons t h a t  t h e  metal i o n  oomplexes w i t h  tne  amine radical 

as w e l l  as then- bond t o  b r i n g  the  r e a c t i v e  a e n t r e s  In c l o s e  

proximity (Soheme 3.2). A similar intermadiate was suggested 

by Minisoi et. al.  (10)  t o  exp la in  the  a e t a l  i o n  initiated 

intermoleoular  a d d i  t i o n  of  N-onloroyiperidine t o  cyclohex- 



Examination of a Dreidbg model of tne  amido r a d i c a i  

from nitroeamid8 lo-z revea l s  that; tne formation of a f ' ive-  

membered r ing  involves a cransi t i on  state of boat conform- 

a t i o n  ( VIa) which shows severe i n t e r ac t ions  between the 

amido funct ion and the  ' f l a g - s t a f f 8  hydrogen, wnlle tne 

$ -1aotaa formation (VLb) involves less non-bonded inter- 

aa t lons  (Figure 3.3). Also mown Is tne t r a n s i t i o n  state 

f o r  five-membered rlng cyc l iza t ion  of tne a s i ao  r a d ~ c a l  

derived from 8-2 o r  8-3 (VII). The formation o i  tne 

@ -1aotam has no analogy in other  radical o y c l l z a t ~ o n s .  

VIa VIb V131 

Another example of s t e r i o  restraints fo ro ing  a d i f f e r e n t  

oyo l iza t ion  pathway, other  tnan a five-mmbered ring, can 

be found in the azatwlstane synthesis by Heusler (102) in 

nhioh the  six-membered r ing  olosure  i s  favored. 

The models of both VI and V I L  a l e o  mdicate tnat an 

sp3 - hybridized ni t rogen of t h e  m i d o  r ad ioa l  can orivmt 
1 
I i t s e l f  with t hen - lobe  of' the double bond in a co l inea r  

a~rengswent .  I n  a o n t r a s t  , an sp2-hybridized n i t rogen  rad- 

l o a l  has ern almost orthogonal arrangement ot cne p-orbital 

of the aolido r ad ioa l  and the  n - o r b l t a l  if tile radioal has 

IP n -configuration, but a good overlap can be achieved if 



the radical has a C-configuration (701. 

3-3 Product F o r m t i o n  

3-3-1 C-Nitroso CoapounQ 

The Intramolecular  ynoto-additions of N - ~ ~ L ~ O S O  

compounds i n  t h i s  work d id  not g i v e  e n t i r e l y  Lne same 

produats  as had been found in t h e  &notcrehct ions  01' e a r l i e r  

workers. When in t ramolecular  addl t i o u  occurred,  the f ora- 

a t i o n  of a C-nitroso dimer was i n d i c a t e d  by tne increas ing  

peak in t h e  295 nm region,  except in  the trakying exkeri- 

ment s. A 1  though t h e  C-nitroso dimers nave oeen i s o l a c e d  

as produote from t h e  i n t e r a o l e o u l a r  a d d i t i o n  of nitrosamUes 

o r  the  hydrogen a b s t r a c t i o n  of nitroscnmides (72,  1421, t n e r e  

were only t h r e e  c a s e s  among the nL t r o s a a i d e  c y c l l z a t i o n s  

i n  which C-nitroso dimers were poss ib ly  i s o l a t e d  In t n i s  

work, l .o. ,  a-1, 24-1, and 29bka In the c a s e  of a i t r o s e -  

mine cyolizcations, the facile t a u t o a e r l z a t i o n  t o  t h e  oxime 

would be expeoted under t he  a a i d i c  methanol anu bas ic  ex- 

t r a ~  t i o n  oond i t ions  (199, 200). Tne f a c i l e  taucoaerizatPon 

of n i t rosamide  c y o l i z a t l o n  products  i s  o e r t a i n i y  no t  caused 

by l i g h t  (14.21, s i n c e  t h e  f i l t e r  s o i u t i o n  absoroed a r A  line 

l i g h t  below 400 nm. A reasonable  exylernation 18 tnat cne 

1, 3 - d i a x i a l  i n t e r n o t i o n s  found in the a z a b i c y c l i c  amides 

a r e  s u f f i o i e n t l y  large t o  promote the  formation of oximes 

(Soheme 3.4). The Q&Q-nltroso adduot would resdlt from 

a d d i t i o n  t o  the o l e f i n ,  a yrooess  wnich & r e d o m i ~ a t e s  
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in the intermolecular photoadditions ot' nltrosamlnes (201). 

/ 

(2011, such as 75-2, m y  be f'ormed but cc;nt;i-nuous extract;cn 

of the aqueous phase of a number of nitrosamine ynotolysates 

revealed no evidence for the formation of such kroducts 

( lr absorption around 2500 cm-') (41). Nl trosohydroxylamLnes 

are famed by the addition of HNO to a C-nitroso compound; 

HNO being formed in situ by the ynotoellminacion reaction 

of a nitrosaaine. The absenoe of che elimimtlon reacticn 

in the intramolecular photoaddition proves tnat tne auinium 

radical usually cyolizes very ef ficlently, as snown by tne 

lack of amidoxim yroduots, except in tne pnoto1ys;ls of 



The meohanism r e q u i r h g  tnat; W.6, racher tnan NO 

i t s e l f ,  i s  e s s e n t i a l  f o r  tne formation ~f nicrosonydroxy- 

lamlnes would explain the  absence of these broaucts iu 

nitrosamide photolyses (72, 73) ,  i n  wnicn HN0 el iminat ion 

is l e s s  important. An a l te rnace  mechanism, similar t o  one 

proposed by Owenloob e t .  sl. (202)~ requires the In i e r -  

vention of hydrogen donating solvents  as  snown in Scheme 

3.5. This mechanism i s  not cons i s ten t  wi tn  tne result t na t  

no nitroeohydroxylainlne s have been i s o l a t e d  wnen C-nitroso 

dimers were i r r a d i a t e d  Ln methanol (199). 

RNO ---k+ 8. + *NO 

RNO 2NO -+ R-N-NO 1 

ON0 

3- 

Using e a r  epeotroscoyy, Surzur's (104) nas 

shown the  presence of n i t rox ide  3 3 4  in  tne yhacolysis 01 

nitrosamide 8-2. In our reaotiona,  t n i s  n i c r o x u e  may be 

formed i n  emall amowate but has not  been isolaced. Tne 

quar tz  apparatus used i n  Surzur'e work (no filter) could 

allow photoohemioal cleavage of the i n i t i a ~ i y  iormed C-nit- 

roso compound t o  produoe n i t rox ides  by tne mecnanirsm snow 



in Scheme 3.6 ( 203 1,  wnile  our  s e l e c  t i v e  i r r a d i a t i o n  

oond i t ions  ( >  400 nm) would not oleave C-nitroso ooakouads 

3 - 3 4  N i t r a t e s  and Ni t ro  Com~ounds 

N i t r o  compowrde and n i t r a t e s  have been f'ound in n i t -  

rosamide pho tolyses with > 290 nm l igh t  energy (72,  73) ,  aad 

t h e i r  foemation i s  a t t r i b u t e d  t o  d i s p r o p o r t i o n a t i c n  of NO In 

t he  presence of a o a t a l y t i o  amount of S02, wk~icn ooulci f o m  

wi th  a traae amount of oxygen (Scneme 3.7) ( 2 0 5 ) .  ;Ln tne 

cyoliza t i o n  reao t i o n s ,  the > 400 nm i r r a d i a t i o n  and tne rayid 

combinatlon of NO wi th  a carbon r a d i o a l  would exklaln the 

laok of n i t r o  and n i t r a t e  products  under ni t rogen.  'lne 

minor amount of  nf trate 23-2 from tne  ~ + h o t o l y s i s  of 8-2 

under n i t r o g e n  i s  susyeoted t o  result from inooruplete 

purging of oxygen f r o m  t h e  appara tus ,  s i n c e  n i c r a t e s  were 

n o t  obta ined  in the o t h e r  nitrate ynotolyses.  

rn + 02 ---+ s o 2  

N 0 + 0 2 - - * N O j  *0,2N02 

NO i- NO2 g--- M2Q3 
A *a2 + NO3 7 N& - 



b agreement w i t h  ox ida t ive  t h o t o a d d i t i o n  (U+2), tne 

pho to lys i s  of ni t roeamide & under oxygen $ave as m J o r  

products  n i t r a t o l a c t a m s  23-2 and 24-2. A minor product,  

t e n t a t i v e l y  ass lgned as either n i t ro - l ac tam 23-5 or-, 

oould r e s u l t  from the t rapping  of the carbon radical oy tne 

NOZ r a d i o a l ,  formed as anown in Scheme 3.7. Slnce no o x i m s  

are found in t he  pho toox ida t ive  c y c l i z a t  ions, tne in i t i a l  

formation of the C-nitroso ccmpouna, followed by the  steks 

of Schem 3.8 t o  prcduoe n i t r o  compounds (204), i s  a l e s s  

probable u M ~ v l a n t 8 m  f o r  n i t r o  compound formation.  

R-N-00 RNO Y O *  00, 
I R-N 2 - 8  j 2U02 
0 0 

3-3-5 Ketonea 

In t h a  ni t roeamlne oyc l i zac ions  under n i t rogen ,  the 

ketone formed may arise from the  usual base oatarlyzed de- 

oomposition of n i t r a t e  ester8 (1431, formed by a tram amount 

of oxygen p r e m n t ,  s i n c e  in the -,oxidative pho tooycrliza t i o n  

of n i t rosamine  19-2 the merjor product was ketone 28-3. fn 

the o x i d a t i v e  photocyol iza t ion ,  the i n d i c a t i o n s  tnat w- 
n i t r a t e  27-9 deoomposes t o  ketone 28-3 f a s t e r  than a- 



nitrate 36-2 oan be interpreted as resulting t r O D  sterlc 

acceleration due to greater non-bonaed Lnteract~oas ot tns 

axial orientation in a-2 (Scheme 3.9). An attempt to 

isolate 27-3, prepared from alcohol 27-&, failed Decause 

of the rapid deoomposition to 28-1. 

Sinoe nitratolaatame were the maJor yrodwte wnen 

nitrosaaida && uae yhotolyzed under oxygen, out no ketone 

22-9 was formed, the nitratolaotams do not t'orm mtones under 

the oyolization conditione. Thus, tne explanatloo involv- 

ing nitrate deoomposition is not ay&licable tc tne t'ormation 

of ketones in the nitrozsamide cyclization reaationa under 

nitrogen. The mechanism given by Heio~len (205, 206) for 

the reaotion of NO with a C-nitroso monomer would explain 

alkoxy radioala, a e  ahown in Sohame 3.10, but the deooa- 

position to ketone6 by hydrogen eliaUnacion is unlikely 

(207). birnilarly, einos amino-ketones produots are 



absen t ,  o r  formed irl small y i e l d ,  in tns Lr:termolecular 

photoaddi t ion of nicrosamines ( 1, 42) cne n i c r a t e  decoap- 

o s i t i o n  mechanism does n o t  appear t o  be sut ' t ' ic ient  exblan- 

a t i o n  f o r  even t h e  n i t rosamine  c y c l i z a t i o n s .  

R-NO + NO 4 R - k  
'0 

Scheme 3.10 

The formation of  oarbonyl compounds frum oxiaes uaw lib 

and r a d l o a l  r e a c  t i o n s  has been r e c e n t l y  reviewed ( 206), 

Auetaldehyde was formed by r a d i c a l  r e a c t i o n s  wnen a c e t a l -  

dehyde 0xlm8 was pyrolyzed in  t h e  presence or' NO gas (209). 

Besides t h e  mechanisms g i v e n  i n  t n e  above re fe rences ,  cne 

photooonverslon of benzaldehyde oxime t o  benzaldeYlyde m y  

involve the a d d i t i o n  of' d i rne thyln i t rosaa ine  to  r;ne oxlae 

double bond, followed by hydro lys i s  (Scneme 3.11). Because 

the  c y c l i z a t i o n  o f  nitrosarnine 19-2 has been mown t o  oe 

p r e f e r r e d  t o  in termoleoular  a d d i t i o n  (210) and bemuse  

amido r a d i c a l s  do not  e a s i l y  add t o  o l e f  lns, the nmcthanism 

In Soheme 3,11 wculd n o t  aocount f o r  ~ e t a n e  format ion  in 

- t h e  in t ramoleoular  c y c l i z a t i o n  r e a c t i o n s .  Since amino- 

! ketones are not important  products  wnen tne l n t e r u o i e c u l a r  

photoaddi t ion  r e a c t i o n  i s  oonduuted in a t h r e e  t o  four f o l d  

exoess of n i t r o s a a l n e  t o  o l e f i n  (2011, the photoreac t ion  of 



Thus, with the evidence available, no yiausibla 

meohanism can be offered to explain tne auount of ~etone 

formed in the oyolization reactions. 

3-9-6 Tra~r j i ruT Reaoti~ns 

In the competitive reaction of aLtrosamine 14-2 

photolyzed in the presenoe of styrene (210), no significant 

decrease in the amount of styrene was noticed. O~vlously, 

intramoleaular addition of an aminiua radical is very t'auile . 
The Intermediate aarbon radical (VIII, Scheme 3.12) reao ts 

eeleotively with NO without oausing addition reaotions. 

The results of the brayp- experlaents inaicate c n a t  tne 

combination step does not oocur witnin a solvent cage 

beoause oximes are not fomed, but yosaibl~ involves a 

nloose radloal pairn sine. intermolecular addition bg tne 

oarbon radiaal does not occur (Scneae 3.12) (142). Since 

no oximea ztre found in the photooxidative oyulizations, 



t h e  reaotion with oxygen must be f a s t e r  tnan the o o m b a c i o n  

w i t h  NO. 
VIII 
I 

The two poasible meohanisas by whioh 

are ehom i n  Soheme 3.12a and 3.12b, 

do not d i f f e r e n t i a t e  between the two 

a n i t r a t e  m y  form 

buc cne p remnt  results 

p o s s i b i l i t i e s .  

The iodine trapping exyeriaent  (2-7-3) wao not suacess- 

f u l  in HCl-au#thanol, sime the strong iodine absorption a t  

360 nrn aorrpletely masks the  nitrosamine ~ T T  * abaorktion, 

The iod- t rapping experiaentra wi th  nitrites In bcurzane 

have been suoosssful  (99, U 5 ,  171) beosuee a caarge-traas- 

f e r  oomplex o f  iodine  aad benzene shifts the lower absory- 

t i o n  t o  500 nm (211). It i s  worthwhile not ing taat iodine 

in benzene h e  an absorpt ion ta i l  a t  3 69 r im ( e "- 300) ( 211 ) , 
while the n i t r i t e  ex t ino t ion  ooe f f io i en t  i s  oa.100 a t  this 

wavelength. Slaos  the  iodine aoncencracion i n  tkm nitrite 

trapping experiments va r i e s  from one tnlrd t o  f i v e  tiaso 

the  nitrite oonoentrations, d i r e a t  e x a i t a t i o n  of the  n i t r i t e  



would be d i f f i o u l t ,  Although the yhotolys is  tlaes are 

longer with iodine present ,  a t  least o e r t a l n  knotolyeee 

(171) do no t  take as long as would be expected on the b a s h  

of r e l a t i v e  ex t lnc t lon  aoe f f i c i en t s .  Possibly a yhoto-ex- 

o i t s d  iodine i s  pa r t i o ipa t lng  i n  tne  reac t ion ,  e i t h e r  by 

photosensi t iza t ion of n i t r i te  decompoeltion o r  by an iodine 

rad ioa l  i n i t i a t i n g  the f ororation of alvoxy r a d i o a l ~ .  

Beoause the absorpt ion of iodine-benzene complex nas e * 50 
at  400 nm, the Lodim trapping me~hod mlgnt be appl icab le  

i n  n i  trosamide y h o t o l y ~ e s ,  

B t@reoobsaJetry 

When other than a ketone o r  oxiue a z a b ~ o y o l i o  groduat 

i s  farmed, the  atereoghemistry of the cryolization yrodwt 

both endo- an8 m - 8 e r i v a t i v e s  of n i t r a t e  o r  onloro laotaaw 

are formed in the photolysia of 8-2 under oxygen o r  t)-'3 

alone,  shows that the otereoohemioal con t ro l  over tne oom- 

blnat ion of the intermediate carbon radlcai wltn *D103 o r  

C l e  is m i n i m a l .  The i s o l a t i o n  of only 8x0-bromoiactaa - 42-1 
in a high y i e ld  from n i t roaan ide  24-2 may be a o o n s e q u w e  

of s t e r i o  oont ro l  of the bulkier BrCC13, wnbh r e a t r i o t s  

the  a1 term t i v e  endo approaoh. 

The forrnatlon of only endo-bromoamine 20-5, a& tna 

abeenoe of the --bromolactam 27-5, would not be yredioted 

on the  baris of e t e r i o  oont ro l  of t he  abgroaon of BrCCL3 



l n  the trapping photolys is  of 19-2, since m- akyroach 

seems as favored as w - a y p r o a o h  f'rom exaIP1natlo.u of tne 

Dmiding model, The yield of the g&pbromoamine is 

a l s o  unusually low ( 5 5 % )  f o r  a t rapping reac t i a .  Since 

more m - o h o r o l a o  tam 24-1 than endo-ohlorolactam 23-3 was 

founa I n  the oyolizdttion of ohloramida m, m e  formation 

of only en&-chloride 26-z from the yhotolysie of' ohloramhe 

19-3 i n  methanol (54) requ i res  an explanation. $he absenoe 

of exo-chloroamfne 27-2 in  the  LAW reduotion kroduots or a 

mixture of 33-3 and 24-1, and the apparent i a s t a b l l l t y  01' 

37-2 as shown by a similar reduotion of ea-onlorolaotam 

24-1, l nd i aa t e  cha t  the ~ - 9 h l o r a m i n e  i s  undergoing s 

ewondary reaoUon,  The absemoe of Q&Q-nitrate a - 2  In 

the o x i d r t i v e  photosddition of 19-2_ is believed t o  be oauaed 

by a similar s i t u a t i o n ,  It i s  suggested that a z i r i d i a i u  

ione are being formed by the  faoile in t raao leuula r  dis-  

laoement of the s - s u b s t i t u t e d  oompounda, as shorn i n  

Soheme 3.13, as a result of the favorable geoaetry of the 

molcmule, Numerous examples of the f oraration of srziridinium 

ione is basio so lu t ion  may be founa i n  the literatwe (38, 

212-214) 



The formation of azi r id inium ions wcjula accout f o r  

w - a l o o h o l  37-1 beiw a m j o r  product from cne , f i ~ t ~ l y s ~ s  

of n i t  roaamlne 19-2 under oxygen. Tne hignly-wa t er soluble 

nature  of amino a lcohols ,  oouyled w i  tn t n e i r  v o l a t i l i t y ,  

could be the  reascn f o r  the alcohols not  be ing  detected In 

the  B r C C l g  trapping of o r  oNoramlne cyciizal;ion re- 

act ions.  A preference f o r  the  formation of [3,2,1] azabi- 

aya l l c  system, r a t h e r  than the [ 2 , 2 , 2  ] bicyc l ic ,  Mas been 

found f o r  the nucleophil ic  subs t i t u t i on  of an acy laz l r id in-  

ium ion (l35), but the [ 2 , 2 , 2  ] bioyolic system is tne m J o r  

product from a similar subs t i t u t i on  of an N-me thylaziri- 

dlnlum lm (89) ('Soheme 3.14). A s  no [2,2,21 azabioyolic  

produots have been i s o l a t e d  in t h l ~  worx, the intermediary 

of az i r id inium ions must s t i l l  be regarded as syeoulative. 

Ratio of Bioyclic  Products 

HOAc 4 



3-4 Aminlum R a d i ~ a l  Reaction Pathway a 

Some affeate of external variables, such as cue aoid 

concentration and the rate of initiation, upon tne fate o f  

an aminium radioal are demonstrated in tne iat cer part of 

the thesis. The unswoessful N-methyllndolLne fa) form- 
ation from amlnium radicals, generated in a iow aoldic 

condition from ei ther  N-nitrosomethylphenetnylamine (23-2) 

or the corresponding N-chloramine 20-1), is cornparaole to 

the ~ 1 ~ '  initiated reaction of 20-1 Ln aqueous aoet lo  ac~d, 

in which Stella obtalned 45% mrent  auine 20-1 and 22$ 

benzyl ohloriUe (112). Neale and Marcus (192) found tnat 

20-3 in 4 molar H2SOr)-acetic acid adds co 2-cnloroproyeue 

in good yield, rather than undergoing lntraaolecular arom- 

atic aubetitution. It appears tnat only In oonoentrerted 

HZS04 oan be formed in 27% y i e l d .  ( 5  1. 

Beoause of the volatility of benzalaehyde anci benzyl 

ohloride, the isolations of tne products derived from 

(3 -scieaion are not quantitative, and no accurate relation- 

ship beween @ -soission versus other pathways or' the N- 

methylphenethylaminium radicral has b e n  obtained. It is 

not oertain why only when HC1 is used as a proton souroe 

the ellPllnatPon products and 59-2 are formed, nor wny 

the direotion of hydrogen elimination (rnetnyl or methylem) 

varies with the solvent, i,e., amidoxime is foroled in 

methanol and formamide 59-4 in acetic aoid (Scheme 3.15). 



Comparisons w i t h  the r e s u l t s  of 

(Table 2.11) i nd i ca t e  that the  r a t e  of the carbon radioal 

i n i t i a t e d  add i t i on  of N-ohloramines t o  olef ins  appears to 

be significantly s lowertnan those initiated by metal ions  

o r  l i g h t .  The di f ference% i n  the  results a r e  not  a funotiou 

of ao id i ty ,  as all the reac t ions  were r u  i n  4 B~olar H2SU4 

in aoe t io  aoid. The yield of cnloramine 2,3-dionloropoyene 

adduat,  6 6 1  from the A B - i n i t i a t e d  reaccion (33%) i s  iees 

than the y i e l d  of the uorreepondinp; compound, b6-&, from a 

d i r e o t  photolysirsl (85%). The suggestion has been made tnet 

both the ohlorine rsrdioal and aminium radioal o h a h  reactions 

p a r t i o i p ~ t e  during Che yhotolys is  of M-ohloramines (132), 

and oould explain the higher y i e l d s  in Neale's work 

(Soheme 3.16). 



In i t i a t i on  

Propagation 

The aoe tylhypoohlorit e - cnloramine equilibrium, 
s~ggested i n  Soheae 2.8, appears t o  nave no just lf ' ioatlon.  

An N-ohloraaine does not  form trom an arnmonium ion C1' , 
nor does the ohloramine rapidly equi l ibrate  wlth che am- 

onium ion. 

Tho preferential  elimination of a benzylio rzydrogen 

of the tetrahyUx-oisoquinoline aminium radioal ,  ratner tnan 

intsrmolwularr adait ion t o  o l e f ina ,  nas been at; tributed to 



s t e r i o  i n h i b i t i o n  and the fact c h a t  the nydrogan oe- 

el iminated  i s  b e n z y l b  (128).  These same reasons c o u d  

oause the low ~ t i e l d  of parent  arnine 21-&, tne metnanol 

photoreduo t i o n  product , 

The photodecomposition of n i  c rosopiyer id lne  (St) in 

a s i d i c  methanol under oxygen fol lows tne same major yatnwery 

as that under n i t r ogen  (Table 2.12), namely nyurogea abscr-  

erotion from methanol. The produot assigned as trirner nit- 

rate 72-a, obtained from the ox ida t ive  ynotodeczomyoeition 

i n  aqueous HC1, w a s  o e r t a i n l y  formed by a-el iminaclon t o  

form k, 2-dehydroplperldhe (Soheme 3.17). l'he abeancle of 

amldoxime 69-3 i n d i o a t e s  that t he r e  i s  a r ap id  crapphg of 

NO, o r  poeelbly HNO, by oxygen, Ttlere i s  no e v i d w e  for 

the carbon r a d i o a l  in te rmedia tes  on t ne  2-yiyeridino yos- 

i t i o n ,  aa  ehown in Sonerne 2,10,being formed In tne yhoto- 

deoompoeition in eifher ~rcsthanol o r  water ,  no r  U the oarbon- 

r a d i o a l  ini t iated reaot ions .  



The longer photolyals time requlred tor the decom- 

position of NP in water, tnan tnat required in me~rranol, 

is oonsistent with the lower quantum yleid 01' disakpearance 

of nitrosodimethylamine in water ( @dis 0 . 3 ) ,  compared to 

( f  d i s  2.5) in methanol, Tne facile aethanoiic knotore- 

duction of aminium radioals suggests tne toraiacion of tile 

*CH20H ketyl radical, and is supported by tne formatLon of 

formaldehyde in this reaotion (41). Tne absence of carbon 

radioal initiation, and oonsideratlon of cne Lnermocneaiscry 

of the abstraction of NO from a nitrosaalne (h-rlO oana 

strength = 53 koal./mole) (19) to form a C-nitroso ooapouna; 

(C-NO bond strength 40 koal./mole) (202) as In the sequence 

given in Soheme 3 .l8, would indicate cnat EJO abswaotion 

by a oarbon radioal is not cne important onain yropagacion 

step. Sinoe no quantitative analytioal metnods coula be 

developed to measure the quantum yields of' agpearanoe 01 

the photodeoomposition produots (Results 2.15), the onain 

radioal 8631 erne involved in nitrosamine pno tolyses in ae~nanol 

is not yet preoisely known, altnough a possible sequeme 

has been advanced for the photodeooaposition reaotion (41). 

Soheme 3& 

Energy given in kcal./mole; posibive sign si$niz'ies an 
andothermio reao tion. The N-SI ~ o n d  energy Is 85-90 
koal./mole an8 methaurol H - C H 2 O H b o a d  enerdy is 90 mal,/ 
mole (215). 



7-5 Sooue anA Limitations o f  Aminturn and A- 
Reao t 1on.a 

There a r e  d i f f e r e n t  s l tuac lons  In wnicn m e  aecnoa 

o f  generating a nitrogen rad loa l  w i l l  nave pa r t i cu l a r  ad- 

vantages over another metnod. A coniyarlson 01' cue uyatnet ic  

usefulness of the 2rooedures used iu tnAs wor& w i t h  tue 

r ad i ca l  and ion ic  aechods of others Is a iscussea  ill t n io  

secrtion, 

For both t he  intermoleoular additions o t  a u i n i u  

r ad i ca l s  and the  intramoleoular cyclizatAon t o  a A 

o l e f i n i o  bond, the  nltroewuine precursor would ahyear t o  

be the  most s u i t a b l e  choice of r e a c t a n t  s ince  no oonket i t ive  

ionic add i t ion  reemtion occurs, as wlca cnloramlnes (4 , lL) ,  

and relatively low aoidio  condi t ions  a r e  required, The 

r a t e  of generat ion of aminiwn rad ioa la  can be syec i f l ca l l y  

control led  with r~i t rosamines  and tne i r r a d i t i o n  wavelewths 

a r e  a t  longer wavelength tnan chloramlne pk~otoiyses (4, 57). 

The oxygen t rapping reac t ion  witn n l t r c saa ine  aaducts Is acre 

e f f i c i e n t  and c leaner  than the cnloramine r eac t ions  (11, 39).  

Three sxoeyt iona where a cnloraiuine reac tan t  wcula 

be required a r e  given below. Obvicusly, i f  a cillorine 

subs t l  tuent' P s  spec i f i ca l l y  required,  the c ~ i i o r a a i n e  reac t ion  

would be used, although the corresponding bromine der iva t ive  

can be prepared easily i n  a BrCC13 trayyhg reac t ion  with 

a nitrosaalne adduat. If the  reao cant uolecule i s  s e n s i t i v e  

t o  m i d ,  t h e  metal i n i t i a t e d  reao t ion  of a chloramine 



(10, 11) cou ld  be used, ~ u t  i t  i s  worch n o t U g  t;mt Lne 

low range of a o i d i t y  r equ i red  t o  oause n i t r o 8 a a h e  uhoto- 

a d d i t i o n s  i s  n o t  even a u f f i o l e n t  t o  c a t a l y z e  tne  polymeriz- 

ation of s t y r e n e s  (41).  If an aromatic  a m i n a t ~ o n  i s  d e s i r e a ,  

the  use of chloramines Is e s s e n c l a l ,  but tne condi t rons  of 

extreme a o i d i t y  r equ i red  f o r  tneae r e a c t i o n s  ( 5 ,  o) restrict 

t h e  number of oasee  i t  oan be applied wfrhouc c a u s i w  de- 

ooaposi t ion.  

The ni t rosamine aminiua r a d i o a l  c y c i i z a t r o n  y i e l d s  

oompare favorably wf t h  those of ohloramine &n0~0ly888  

(11, 112) and metal-coordinated amino r a d i c a l s  (33,  54, i12). 

Aminlum r a d f o a l  cyc l i zab ions  t o  ~ 5 ,  o l e f i n l c  bands t o  form 

five-membere8 azaoyol io  compounds usua l ly  give better y i e l d s  

than o t h e r  s y n t h e t i o  methods (139, 216). Ttie aamlnim 

r a d l a a l  r eao t ions  are not  prone t o  g i v e  a fuixture cf i ' lve -  

and six-al@mbered rings as are formed in the Lewis a o i a  

os ta lyzed  (35) o r  in s i l v e r - c a t a l y z e d  (33 ,  38,  67) r a o t i o n s  

of ch lo raa ines ,  o r  i n  nitrene intraraoleouiar  acrai t ions 

(88, 89). The in t ramolecular  a d d i t i o n  ox' a11 a m l r l i u m  r a d l o a i  

t o  s 4-i5 o l e f i n l o  bond nos only been acroornyiisned using 

the  t i t an ium initiated ohlorarnine reaocion  (Soneae 3.21, 

and t h e  formation o f  a 7-aeabioyolo C 2 ,2 ,11  neycane ayyears  

t o  be p r e s e n t l y  bee t  erooomylished us- a hofmnnn-boff~er 

r e a o t i o n  (8 )  o r  can i on fa  r e a o t i o n  (217) .  

Altnough t h e  formation of yyro l l idone  compoun~s oan 

be acooapl ished in one e tey  with the Hofsunn+oft'ler reaotion, 



the  y i e l d s  are genera l ly  no o e t t e r  tmn coula ~e obtaidea 

by a sequeaoe involving oyc l i za t i on  of' onloraa iaee  or  

ohloramlne. t o  A 5t6 o l e f i n i c  bonds, followea by u b i  re- 

duo t ion ,  The Hof m~nn-Lof'f ler  mao  t i on  may also yroduc e 

six-membered rings ( 6, 8), y a r t l o u l a r l y  11 s c e r l c a l l y  re- 

s t r i c t e d  (218).  A s l i g n t l y  higher y i e l d  01' kyrol l idone 

oompounda without ohlor ine  subs tit uent s 18 obtalaed wnen 

the  one e tey  ion io  amino aeroura t lon  oyc l i za t l on  is  used 

and seems t o  be a better method t o  obtain tnese oomkounds 

( 85, 86) . The n i  trosamine- generated a u r i n i u n  r ad ioa l s  ar.s not 

highly  e f f i c i e n t  a t  attaokine; a A 6,7 o l e f i n l o  bond (oa. 

30% y i e l d ) ,  and six-membered azab icyc l i c  products can be 

formed i n  higher  y i e l d s  using metal-coordinated aano 

rad ioa le  (50-?0$) (ll?, 198),  o r  using i on i c  oyo l iza t ion  

methods ( 8 5 ,  87, 198, 219, 220). 

The pho toohemloally in1 tiated intramolecular  oya l i z -  

a t i o n s  of nitroaamides (103, 104) and onloreraide (103) 

are the only repor ted  oases of amido r a d i o a l  Sorimtion ox' y 

larotame by r e a c t i o n  with an o l e f i n i c  bond. line ymto lyees  

of nitrbsaolides have the a d d i t i o n a l  advantage of r a l a t i v e i y  

long wavelength i r r a d i a t i c n ,  whioh would be i ayo r t an t  if' 

o the r  ohr~mophorea are present  in  tne moleoule. l'ne 

y -laotame, suoh as 22-1 o r  24-3, m y  be kreyared in 

modematelg high y ie lds .  On the o t h e r  mnd, 6 -lactam 35-6, 

i s  only found i n  fa i r  y i e l d ,  but milder conui t lons  are 

required  than genera l ly  used in  the ion io  oyo l l za t l on  re- 



so t ions  (135, 136, 160, 221). The yield of 8 - laotaa  314 

1s somewhat less than o ther  preparat ions of B -1aotams 

(145, 222). The nitrosamide photolys is  metnod sut'fera from 

the d1esdWmtage of requiring a $ ,Y -unsaturated aalde, sucn 

as 10-1, but ,  since an in t ramolecuhr  reao t ion  is hvo lved ,  

i t  allows more con t ro l  over the y0s i t i on  ot' ni t rogen ad&- 

The Zmyortant synthet ic  advantage of the c y o l i z a t h n s  

desoribed in t h i s  t he s i s  is  the  simple maneuverabillcy of 

the start- m t e r i a l s  to o rea t e  s t r a ined  azabicyl io  Bystekrs 

containing a po ten t i a l l y  useful  subs t i tuen t  grouy. T h i s  

subst i tu tmt  may be an oxime which can be reduced t o  a 

primary mine o r  hydrolyzed t o  a ~e tone, a n i t r a t e  w-ch 

oan be reduosd t o  the aloohol ,  o r  e halogen. 



Although a s u b s t a n t i a l  amount of work n a s  been acc- 

omplished w i t h  aminium and amido r a d i c a l s ,  t n e r e  a r e  s t i l l  

d i r a o t i o n s  which have y e t  t o  be f u l i y  explored. Askects  

of t h e  experiments in t h i s  thesls r e q u i r e  f u r c n e r  inves t -  

i ga t ion .  Some of t h e  'clean-up' WorK t m ~  LS requred in-  

cludes t h e  fol lowing:  

1. Optimizat ion of tne c y c l i z a t i o n  y i e l d s .  

2 .  Def I n i t i v e  proof of' the a z a b i c y c l l c  & r O d K C t s  

assigned as six-membered n lc rogen  rings 

( R e s u l t s  2-2-5, 2-5-21, 

3. Experimentation t o  determine tne g e n e r a i l t y  of 

format ion of 19 -lactams from p , -unsaturated 

amido r a d i o a l s  ( 2-2-31, 

4. P h o t o l y s i s  of o t h e r  N-ohloramides t o  a e t e r m h e  

the ease of c y c l i z a t i o n ,  b a r t i c u i a r l y  tnose  

con ta in ing  a o le f i r& bonu in analcgy 

t o  n i t rosamide  12-2 ( i i e s u l t s  2-2-51. 

5 .. Proof of the  e x i s t e n a e  of a z i r i d i n i u m  Lon inter- 

mediary from the r e a o t i o n s  o f  naLo ana nitrato 

azab ioyo l l c  aaines (Discuss ion  3-3-7).  

6 .  Eluo ida t ion  of t h e  mecnanism o f  Ketone formation 

in the a z a b i o y c l i c  conl~ounds ( b i s o u s s i o n  3-3-5 ) , 



i ,e . ,  any dependency on reaction conuikcns. 

7, Determination of the r eac t i on  o c c u r r a  during 

t he  photolys is  of ni t rosamines in tne  pres- 

ence of benzaldenyde oxime ( He su l  G s 2- 9 ,  

Discussion 3-3-5). 

The following addl t i ona l  b r a y p a  experLments snouid 

be examined: 

1, Vary the concentratfon of t rapping reageuc, e.g., 

BrCC13 in NeOH, t o  determine the m i n i m a l  

amount requ i red  i'or e f f i c i e n t  t r a t p i ~  01' 

the  oyc l i za t i on  intermediates .  

2. In view of tne n i t r i t e  t r a y y i r ~  exyer iaents  in 

benzene with AQdine presen t ,  r;ne oaare o o n d ~  

itions for a yhotolys ie  of an almenyl n i t r o -  

samidb oould give iodolaotams (I)laoussion 

3 - 3 4 )  

3. Use of o the r  halogen donors as t r a p p a  reagents ,  

such a6 CH31 (223)  to prepare iodo com~ounas. 

4, Attempt the  t rapking of' the chloramide cyc l i aa t ion  

intermediate  t o  determine tne  r e l a t i v e  rate 

of oombinatlon of the  ohlor ine  and carbon 

r ad i aa lo  versus  that of oxygen aombination 

o r  bromine abs t rao t ion .  

5 .  Trapping wi th  hydrogen donating  reagent;^, sucn 

a a  HSnB\r) (110) can be atternyted. %he yur- 

pose would be t o  p rodwe  unsubst icuted aza- 



b i o y c l i c  aaines (Scheme 4.1) . dydrugen a b e t -  

r a c t i o n  by t h e  n i t r o g e n  r a d i c a l  might 0% ex- 

peoted t o  be minimal i n  view of t n e  apparent 

e f f i c i e n o y  of c y c l i z a t i o n .  

ON-R 

A major d i f f i c u l t y  In prepar ing  a l ~ e n y l  N-nitroso 

compounds Is the tendency of the n l t r c s a t h g  agen t  t o  r e a c t  

wi th  the n-bond. Prel iminary  e x p e r i m e n ~ s  done in tne course 

of t h i s  work have snown that the l e n g t n  of  r e a c t i o n  time 

and the amount of n i tzweat ing  agent commonly used (17, A29) 

a r e  g r e a t e r  than neoarssary t o  form the n i t r o s o  coakoundl. 

The suocess of the N Z 0 4  n i t r o s a t i o n  o f  amiae 11-1 in tne 

presenoe of  p y r i d i n e  i s  similar t o  t n e  improved y i e l d s  of 

n i t rosamines  obtailned w i t h  NOBF4 in t n e  presence cf pyr id tne  

(18). The n i t r o s t a t b g  agent  i n  these  s y s t e u s  may b e  tne 

N - n i t r o s o p y r i d i n i u  oa t ion;  this c o u l a  be t e s t e d  by r eao t -  

ing t he  n i t rosopyr id in ium ion ,  prepared by t h e  metnoa of 

Olah et .  al. (2,24), w i t h  amides o r  amines (Scheme 4.2). 



Alternate ly ,  a number of  o the r  n i t rosa t*  agen t s  could be 

u t i l i z e d ,  e , g , ,  t he  exohange r eac t i ons  of amines witn otner  

n i  t roso  compounds, suoh as N-ni t roso  oarbarnates ( 225 1. 

Nitrosamines have been prepared i n  a basic  media us- 

n i t r op rus r lda  [ ~ e ( m  )902- ] ( 2 2 6 ) ,  wnlon m y  be of advant- 

age i n  preparing n i  troaamines conta in ing a double bona- 

r eac t i ve  t o  o the r  n i t r o s a t i n g  agents .  

A reoen t  r epo r t  (227) o u t l i n e s  t n e  eflecc of' temper- 

a t u r e ,  pB, and o ther  anions  upcn t h e  rate o f  n i t r o s a t i o n  

of morpholine; however the  r a t e  of a d d i t i o n  01' the aLtror 

sa t i ng  agent t o  t h e  double bond i s  a l s o  ennanced by similar 

f a o t o r s  (228). Sirme ohlor ide  ion aooe l e r a t e s  the rate of 

smine n i t r o s a t i o n  (227) while having a l e a s  dramatic effeot 

upon the  rate of o l e f l n  a d d i t i o n  (228) ,  t ne  add i t i on  of 

ohlor ide  ion may increase ths y ie ld  of Pt-nitro60 product 

without inoreaaed add i t i on  t o  the  o l e f i n ,  

The f a c t o r s  oon t ro l l i ng  lntramoleoular  r ad loa l  add- 

i t i o n  reaot iona and the  meohanisms involved could b e  atud- 



l e d  I n  g r e a t  d e t a i l .  Determination of cne quantum y i e l d s  

of nltrosarnine,  n i t rommide ,  and cnloramide c y c l i z a t i o n s  

could dec ide  i f  a c h a i n  r a d i c a l  process  I s  involved in 

these r eac t ions .  E s r  technkques have not  y e t  been suooess- 

f u l l y  a p p l i e d  t o  ni t rosamine r a d i o a l  reactions ana, i n  tne 

presence of s p i n  t rapping  agents suoh as a -n i t roso  ooahounas 

(203) o r  n i t r o n e s  ( 2 2 9 ) ,  s t a b l e  n i t r o x i d e s  oould be obtained. 

The use of i s o t o p i a a l l y  l a b e l l e d  ai~enyl  nLtrosamines o r  

n i t rosamides  would determine i f  NO is completely sorambled 

during in t ramolecular  cyo l i zac ions ,  in a similar t 'asnlon 

as i n  t h e  l a b e l l e d  N-nitrosodibanzylamine ynotodeoom&osit- 

i o n  ( 3 ) .  

The pho t0d800mpO~itiOn produc t s OX ni  crosaa lnes  nave 

been shown t o  be dependant on the wavelength and so lvent  

(41) and a solvent  dependency f o r  ch lo raa ine  c y c l i z a t i o n s  

was seen (53, 54). The effeart of changing t ne  temperature,  

t h e  i r r a d i a t i o n  wavelength, and the pho to lys i s  solvanc upon 

the y i e l d  and r ing s i z e  in  t h e  aminium and amiao r a d i c a l  

c y c l i z a t i o n s  has n o t  been f u l l y  determined. b'or exauple, 

a t  higher  temperatures  oarbon r a d i c a l  in t ramolecular  add- 

i t i o n s  t o  a IT-bond g i v e  h igher  y i e l d s  of m e  tnermodynam- 

i o a l l y  more s t a b l e  six-membered ring cowpound ( 90). Auo tner 

v a r i a b l e  In t h e  n i  trosamine i n t r a a o l e o u l a r  aadl t i o n s  18 

the a c i d  oonoent ra t ion ,  as oan be suggested by the aeyend- 

ency of chloramlne o y c l i z a t i o n s  upon m i d  conoencrat ion 

(11). Por ni t rosagl ines ,  tne  oonoant ra t ion  raqge a v a i l a o l e  



i s  l i m i t e d  by the decreased i n t e n s i t y  of tne  n l t rosemine  

uv absorpt ions  a t  nigner  a c i d  conoent ra t ions  (230). ' h e  

amount of c y c l i z a t i o n  may a l s o  depend upon the & a r t i c u a r  

a c i d  used as a proton source,  such as t r l f ' l uo roace t io  acid 

o r  s u l f u r i c  a c i d  compared t o  HC1. Because certaln a e t a i -  

i n i t i a t e d  aminium r a d i a a l  cyc l i zac ions  g i v e  a o e c t e r  yield 

of azab icyc l i c  compound (Discussion 3-2), cne ef  f e c t  of 

metal ions  present  dur ing  t n e  phocolys is  or' a n l L r 0 ~ 0  coa- 

pound could be inves t iga ted .  

If quantum y i e l d  s t u d i e s  of' cnloramides i n d i c a t e  a 

r a d i o a l  cha in  process  i s  oocurrlng i n  t n e  c y c l l z a c i a o  re- 

a c  t i o n  as i n  ohloramide in t ramolecular  a b s t r a c t  i o n s  1 7 9 ) ,  

then carbon radioal i n i t i a t e d  chloramide c y c l i z a t i o n  should 

be poss ib le ,  analogous t o  t h e  r a d i o a l  i n i L i a t e d  cnloramine 

intermoleoular  a b s t r a o t i o n  r e a c t i o n s  ( ~ 3 2 ) ~  1 t i s  a l s o  

probable t h a t  me tal  i n i  t i a t e d  nalamido r a d i c a l  c y o i i z a t i o n s  

wculd ocour i n  a similar IUSnner a8 t n e  copper i o n  illitiated 

intermoleoular  a d d i t i o n s  of halamides (81), ' h e  use of 

r a d i c a l  i n 1  t l a t o r s  i n  chloramide o y c l i z a t l o n s  wouid e l l -  

mlhate the high energy i r r a d i a t i o n  requi red .  Primary 

alkenyk halamides, as anown i n  Scheme 4.3, and seoonaary 

a lkenyl  bromamides, prepared u s i n g  t-butylnypobroai ce (4 ) ,  

could also undergo r a d i o a l  o y c l i z a t l o n s  t o  6 i v e  bromolaotab 

products. 



Si-e amido radicals are known t o  pefentlal ly ab-  

stract a hydrogen from tne alkyl, rather than tne acyl, side 

chain ( 7 9 ) ,  a competitive intramolecular cyclizatlon may 

snow similar type of preference for tne airecticrl of add- 

ition (Soheme 4.41, 

In this work simple oycloal~enyls nave oeen invest -  

igated but several alternate starting materials can ~e prop- 

osed. Examples are shown in  Scheme 4.5 01' cyclizations 

involving a nitrogen already in a ring, an extension ot' tne 



i n i t i a l  work by Chen w i t h  24-2. 

Subs t i tuen t  e f f e c t s  may be i m ~ o r t a n t  i n  trre r'orm- 

a t i o n  of c y c l i c  compounds, and could nodlfy L m  ring s i ze  

of the azaoyc l i c  compound o r  the  d i r e c t l o n  of c y c l i z a t i o n .  

The f i rs t  two examples of Scnebe 4.6 involve  the 

intermediary of a more stable banzyl ic  radical, krovlaed 

t h e  benzyl nhtrosamlne does not maergo f a c i l e  benzyllc 

hydrcgen e l imina t ion ;  t h e  compounds could  be &repared f r o m  

or tho-subs t l  t u t ed  s typenes (88). Tne l s s c  two eramgles In- 

volve ni t rosamines in which c y c l i z a t i o n  t o  e i t n e r  end of 

the d cuble  bond would form a f lve-membered ring. 'l'he 

o f c l i z a t l o n s  may be c o n t r o l l e d  by the e l e c t r o n  dens i ty  at 

the  - o r b i t a l s  and show s u b s t i t u e n t  induc t ive  e f f e o t s ,  



* 
which could be correlated with the Taft 0 -eonstants as 

to the direction of cyclization, 

The ability to form spiro azaoycles using eitner 

aapinlum or amido radical oyclizations ( Sonerne 4.7) woula 

be worthwhile investigating. 
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poll ow^ the interoolecular addition 01' a rdcrosaa 

mine to a 1, 1-dialkyl olefln, a cleavage reaction usuauy 

occurs (Eq 1.8) (1, 42). A similar reaction may also ocour 

in the cyclization reacticns (Scheme 4.8). aince tne clea- 

vage involes a cyclic transition s t a t e  w ~ t n  cne partioly- 

atlcn of the protonabed amine, one isomer of tne rlitroso 

compound, i . e . ,  -0-nltroso awiae, may oe aec~u~osed 

speclfioally , if both are formed. Alternately , Lne C-nit- 

roso adduots may eliminate HMJ, in analogy to Lne corres- 

ponding nitrite cyclization produats ( 9 7 ) ,  to dive We un- 

saturated azabicyclic compounds as illustrated wi tn tile 

amid0 cyolization products in Sonem 4.8. 



As a n  e x t e n s i o n  of tne W o r K  done An tnis laborac- 

o r y  ( 2 ) ,  the c y c l l z a L l o n  r e a c t i o n s  ccu la  be attampsea v i t a  

conjugated d i m e s ,  and a ,$ -unsaturated netones,  as snown 

in  Scheme 4.9. The last r e a c t l c n  shown wouid form a carDon 

r a d i c a l  s t a b i l i z e d  by both  a carbonyl  anu a sulfur grouk, 

b u t ,  s ince  the  o r b l b a l  over lay  between Lne aloiao r a d i c a l  

and t h e  n-bond sys tem is  poor, tne c y o l i z a t i o n  m y  be 

d i f f i c u l t .  

The e x t e n s i o n  of r a d i o a l  additions t o  double 

radical  c y c l i z a t i o n s  was demonstrated by S t e l l a  ( ~ L z ) ,  

shown I n  'scheme 4.10, and may be t r i e d  wi tn  the correskona- 

Ing nitroso compounds, as w e l l  as n i t r o s a d d e s  and ch io r -  

amides. 



Although work in this laboratory (210) rms snow 

that exclusive benzyllo hydrogen ellminatlon occurs iu 

tne photolysis of N-nltrosobenzylmetnylamine ratuer tnan 

addition to styrene, the results of tne priotolysis oi i\r- 

nl trosomethylphenethylamine snow that B -scission and knoco- 

elimination reactions are competitive. bime It Is also 

3 known that photo-addition is oa. 10 tlrnes faster cnan 

a-elimination (I), tne intermolecular addition or' an 

alkenyl nitroearnine co an olefin, followed by intra- 

molecular radical cyciization, could be a reasonabu re- 

ac tion sequence, particularly if a-ellmlnacion is not 

possible as shown in the first example of Scheme 4.U. 

Further Justification for this proposal i~ found in tne 

aurrent rwearch in this laboratory by P i l l a y  and 

R e W .  Lookhart, whioh demonstrated t h a k  interaoLeoular 



addition of a nitrosamine t o  one rr -born of a non-conjug- 

nted dio1efl.n was followed by a cer ta in  aacunt o i  intra- 

m o l e c u l a r  cyclization by the Intermediate carbon radical. 

The l a s t  se t  of prokosals involve mcdiiicaticn 01' 

the environment of t h e  nitrogen radical,  and alternate 

methods of generating the radlcals. 'dne nitroso derivatives , 

c?f alkenyl oyanamides (3,311, ureas (2311, imiaes, N - t -  

bu toxyamides  ( 69 1 ,  w e  thans, sulf onamides ( 2321, ~ e t i m i n e s  

( 233, 234), hydroxyl amines ( 235 1 ,  and trieir corresponding 
- 

N-chlorc derivatives (41, as snown in Plgure 4.i,  a l i  could 
- 

be tested f o r  mdica l  cyclizations t o  o1efinic bonds. Otner 

vsriations possible include tne introductlcn of substituents 

f u r t h e r  war from the nitrogen rf3dioal t o  determine t n e i r  
i., 

k long range effect . 



R-N -OH 
I 

In a ser ies  of --substi tubed benzamide derlvatLves, 

shown in P & g w  4.2, changing tne Y-group from electron- 

donating to electron-withdrawing substituencs may af f eo t  

the a b i l i t y  of the amido radical  t o  oyc l i z e  to an o l e f i n .  

Similar t o  thorn methods mntioned Ln cne 

Introcluotion, a1 ternate prooeduree f o r  generat- nitrogen 

radicals are l i s t e d  below and could be investigated w i t h  

regard t c  radioal intramoleo ular addl t ion to olef  ins: 



Aminium radicals:  metal i on  cata lyzed decou&osltions 

of  hgdroxylamines ( 13 ) or  hydroxylamine4- 

su l fonio  a c i d s  (RNHOSO3H) (5,23b). 

Amino radioals:  tetrazenes ( 4 8 ,  59,  60,  621, direot  

photo lys i s  of amines ( 6 3 )  o r  aaldes ( & I ,  re- 

a c t i n g  arninea with peroxides ( 4 8 ) ,  decoagoslt ion 

of peroxycarbamates ( R2N-CO-OOR ) ( 237). 

Amldo radicals:  decomposition o f  N-O-diacylhydroxyl- 

amines (RCO-NH-OCOR) (71) or cetrazenes (b?). 



5-1 Oeneral Teohniaue a 

Unless otherwise s t a t e d  the fo l lowhlg  proceaures  were 

standard: 

I n f r a r e d  ( i r )  s p e c t r a  were measured eicrler on a 

Perkln-Elmer model 457 o r  a Unicam SY200 graciw spectro-  

photometer as a l i q u i d  f i lm.  U l t r a v i o l e t  ( u v )  skectra were 

recorded on a Unicam SP8OO o r  a Gary 14 spectropnocometer, 

and the  absorpt ions  (cm-l) a r e  titrong, un less  aesigriaceci 

a s  b (broad) ,  m (medium), w ( w e a ~ )  o r  sn (snoulder ) .  

Nuclear magnetic resonance (nmr) s p e c t r a  were ootairsea on 

a Varian ~56/60 o r  a Varian XL-100 spectropnotorneter usme; 

deuterochloroform with TNS as an i n t e r n a l  stanaard. ' h e  

decoupling experiments were performed on tne XL-100. 6her.n- 

i a a l  sh i f ts  a r e  r epor ted  in T W l i t 8 9  coup1ln.g c o n s t a n t s  

(J) i n  he r t z  (HZ); t he  s p l i t t i n g  b a t t e r n s  as s (slngletj, 

d (doub le t ) ,  t ( t r i p l e t ) ,  q ( q u a r t e t ) ,  m ( m ~ l t i y l e t ) ~  ana 

b (broad);  the half-height  width of a resonance signal Is 

given i n  'her tz  as Y 4 ,  and a D20 exc-eabie yroson i s  in- 

dica ted  by D20 exoh. Gas chromatograpny ( g c )  was performed 

on a Varian 1200 flame i o n i z a t i o n  chromcograyn using a 20% 
I 

SE-30 10 x &  s t a i n l e s s  s t e e l  column, and t n e  recorde r  was 

equipped with a Disc Chart I n t e g r a t o r  ( model 244). hass 

spect ra  (ms) and high r e s o l u t i o n  mass s p e c t r a  (Hrmy) were 



taken with a Hitachi-Fer~in-Elmer MiU-i;E Lnstrurnent wlLn 

an ion  v c l t a g e  of 89 ev and t h e  i n t e n s i t y  01 tne yeans is 

given as a percentage of the most i n t e n s e  pea&. l'ne bc- 

mess spec t ra  (gc-ms) were kerfcrmed us% a Varian 1400 

g ~ s  chromatograph using a 20% SE-30 column CGU&% t o  che 

mass s p e c t r a  instrument.  

Thin l a y e r  cnromatography ( t l c )  WRS kerformed on 

alumina o r  s i l i c a  gei p l a t e s  (0.2 -0.3 a m  tn l cdness l  la- 

pregnated with uv i n d i c a t o r ,  and examinea by uv ~ i d n t  a& 

iodine  vaFor developer.  The 'wet column8 tecnniqde was 

u t  i l l z e d  f'or chromatographic sepa ra t ions  wl t n  B ~ c o K ~ U E ~ ~  

alumina ( n e u t r a l  o r  bas ic ,  a c t l v i t y  1, dO - 230 aesn) or  

Mallinckrodt s i l i c i c  a c i d  (100 mesh). &el tine; kolnts were 

determined on a Fisher-Johns not  s t a g e  o r  a Galienkamk 

heat ing  b lock  appara tus ,  and t h e  melting o r  b o i ~ i ~ l i j  pcirr ts  

were repor ted  uncorrected.  Elemental ana lyses  were ker- 

formed on a Perkin-Elmer 240 ~ ~ ~ i c r o a n a l y z e r .  

The r epor ted  percentage y i e l d s  o t' t ne  products  were 

genera l ly  es t imated  from column chromacograyny. Wnere gc 

i n t e g r a t i o n  was used, t n e  product y i e l d s  were uncorrected 

f o r  ind iv idua l  response f a c t o r s .  

In general , ,  the combined organic  e x t r a c t s  were d r i e d  

wi th  anhydrous magnesium s u l f a t e  and f i l t e r e d .  Organio 

aolvents  were removed by evapora t ion  under reducea yresvure 

using a r o t a r y  evaporator.  



5-2 Cnemlcals 

u n l e s s  s p e c i f i e d  ocnerwise,  Lne m y a r o u s  so~vernits 

used were reagent grade, d i s c i i l e d  a i u  scoreil  c v e r  S Q ~ L I U  

rlbbon o r  molecular s i e v e s  (Type 3k). Heageat graae 

pyr id ine  was s t o r e d  over  potassium nyuroxide pe l ie ts .  Used 

without  fur tner s u r i f  i c a t i o n  were 3-cyclopentenylace Gic 

acid (Ald r i ch  C l l ,  285-2), 3-cyclonexenylcarboxyilc acla 

(Ald r i ch  C10, 235 1, n-amyl a l c o n o l  (bh l l y y ) ,  3 2 , u  ,?a- 

te t rahydro-4,7 -me thanoindene (d icyc lopencadiene ,  kC a m  d 

TX3l5), 2-methyl-2-butene ( A l d r i c n  lb1327a-4), m-j  2-necnoxy- 

e t h y l )  e t h e r  (diglyme, MC and B M77Cl), Dorm Iiuoricre  

e t h y l  e t h e r  (Eaa tman 4272) 4-vinylcyclohexene (B lu r i cn  

11220-8), N-me thyl-N-ni t roso-y- to luenesul i  ona~1iae i b i a z a r u ,  

Aldrioh D2800-O), 2-pyridone (Baner U660), bromotr icnloro-  

methane ( Aldr i ch  B8225-l) , N-metnylphenethylamlne (Pldricn 

M6842), Indo l ine  (Ald r i cn  1560-5), t e t r a ~ y d r o l a @ h i n o l b e  

(Eastman 7065), and cyclohexene (MC ani E3 CX2355), N- 

ni trosodimethylamine (Eastman 7370) and  ii-ni t r o s o y i k e r i -  

& b e  (Eastman 2277) were d i s t i l l e d  before use .  

The gases used were obta ined  f r o u  Macnevon 3as 

Company. Metal hydr ides  used were li tnium a l u m i n i u m  

hydride ( M U ,  Wilshire Chemioal Co., 97$), sodium boronyd- 

r i d e  (NaBti4, P i s h e r  S-678, 98$) ,  and sodium -iZ-metn- 

oxyethoxy) aluminium hydr ide  ( ~ e d - ~ l ,  70% so luc lon  in  C G ~ ,  

Aldrich l!j,lO9-2). N-chloramines were yrekared  wicn 



~0dium hypochlori te  s o l u t i o n  ( 8 A  2257, c1+ > 539) o r  r'ert'ex 

blcach (Bristol-P!eyers Co., elf > 632). Concentrateu r lyeo-  

chlcric a c l d ,  sulfuric a c i d ,  g l a c i a l  a c e t i c  acia,  t r i i lwrc -  

a c e t i c  a c i d  (Eastman 6287), and 70% h e r c h l o r i c  acld  

(Ms3.linckrodt 2766) were used as  supl;lied. 

5 - 3  kreuaration of Alkenyl C a r b o w l i c  Acids 

5 -3-1 3-Cyclopentenylacat ic Ac l u  

The aoid  was kreyared by tne  rnetrlod 01 Noller  ana 

Adam ( 116). The intermedlace d ie thylcyclo~eml~er l -  j - j r l ~ l -  

onate ,  d i s t i l l e d  a t  140-1450 / 2 8  m a  (hepor tea  a t  UCIO / u r i ~ l ~ i  

(116) , N-methylaaide 14-1 i s  l d e r l t i c a l  wich cnat ,repared 

from the commercial a v a i l a b l e  a c i d  (5-11-2). 

5-3-2 4-Cyclohexenylacet i c  Acid (2) 

(a )  In the hydroboration procedure (117, l l t l ) ,  

fresh boron t r i f l u o r i d e  etherate (32 m l ,  jfjg, 0.25 moles) 

2-methyl-2-butene (30g, 0.43 moles) in diglyme ( 6 0  ml) 

kept at oO, and the  mlxture was stirred under n l t r o y e n  i c r  

1 hour. The su'spensicn was f'orced under nitroben kressure  

i n t o  another  f l a sk  contain- 4-vinylcyolonexene ( j j g ,  0.325 

moles) d isso lved  in diglyme (30  ml). h a a a i t l o x ~ l  2i) ml 

of diglyme was used t o  transfer the remaining boron com- 

pounds. The r e a c t i o n  mixture was e t i r r e d  t o r  2 ncurs  st 

00. The exoess hydride was deconkosed by water (13 d a d  



the product oxidized by t h e  a d d i t i o n  o f  aqueous Nodhi (34, 

30 ml), followed by a 30% hydrogen peroxlde s o l u t l o n  

50 ml), wi th  the  r e a o t l o n  temperature a lways ~ e k t  oelow 

50'. The mixture was e x t r a c t e d  wi tn  e t n e r  twice and t n e  

ether d r i e d  and evaporated.  The diglyme ana unreacted 

4-vinylcyolohexene were removed on a s p i n n i q  band ais- 

t i l l a t i o n  appa ra tus  (70-80•‹/25 m) t o  l e a v e ,  as tne 

r e s idue ,  orude 2-(4-cyolohexenyl)etnanol (19 .7gr 0.150 

moles, 6346). 

The crude  a l c o h o l  (5g ,  0.04 a o l e s )  in acetone ( A U ~  u) 

a t  0' wae oxid ized  with Jones1  reagent (15 d, Cro3 = 2.691, 

0.04 moles) (238) by stirrlng f o r  0.3 nourS. 2ne r e a o t l o n  

was f i l t e r e d ,  and the  ace tone  d r i e d  and evaporated.  Tne 

crude r e s i d u e  was made b a s i c  witn NaOH s o l u t i o n  ana s t i r r e a  

f o r  1 hour, then e x t r a c t e d  wi th  C H Z C ~ Z .  The aqueous layer 

was made a c i d i c  witn d i l u t e  H C 1  and e x t r a c t e d  w l t n  CH2Cl.z. 

Tne CH2C12 a c i d  e x t r a o t s  were d r i e d  and evakorated t o  b i v e  

(2,82g, 0.2 moles, 51%). The o v e r a l i  y i e l d  01' 2 was 

oa. 30%. 

Oxidat ions  of t h e  a l c o h o l  a t tempted  with onroaium 

t r4oxide  in acetic a c i d  (239) o r  s i l v e r  ox ide  i n  d i l u c e  

NaOH ( 240) gave low y i e l d s  of  a o i d  2, 

(b) An Arndt -Els te r t  type s y n t n e s i s  (120) was aarslsd 

ou t  by adding the a o y l  o h l o r i d e  prepared t r o a  acia k 
(2043, 0.16 moles) (5-4-1) t o  a d i s t i l l e d  e t n e r e a l  diazo-  

P methane s o l u t i o n ,  p rev ious ly  prepared  oy tile deooolposition 



of Diazald (100g, 0.47 moles) (241). Ai'ter r e a c t l a  t o r  

2 hours a t  oO, the  e t h e r  was removea unuer reduced kressure 

t o  g ive  the  diazo compound ( ir  2100). Tnls was t a ~ e n  uk 

i n  a mixture cf dioxane (150 1n1) and concent ra ted  A~&+OH 

( 60 ml) .nd the s o l u t i o n  heated LO ooO. S i l v e r  oxlae 

(16) and a 10% methanolie s o l u t i o n  of s i l v e r  n i t r a t e  ( 1 0  ILL) 

were added. The mixture was heated f o r  3 nours a t  60•‹, 

then  f i l t e r e d .  The solvent  was evaporated and tne c ruae  

product d isso lved  Ln C H Z C ~ Z .  kf t e r  an aqueous ~ O t f  wasn, 

t he  CH2C12 was d r i e d  and evaporated.  'l'ne amlae brcducc was 

ref luxed f o r  8 hours i n  an aqueous so luc ion  (309 ml) 01' r ~ U k i  

(25g, 0.45 moles), tnen wasned w i t n  Cki2CL2. 'I'm wsic 

so lu t lon  was a c i d i f i e d  with d i l u t e  H C l ,  to l lowea oy CH2C12 

ex t rac t ion .  The a c i d i c  CH#A.2 e x t r a c c s  were dried and ev- 

aporated t o  give acid 2 ( 3 , 2 g ,  0.023 moles, 14.53). 



5 -3 -3 2-Cyclohexenylcarboxyli~ Acid 

( a )  Modif'ieu Orignard ue ttrod: u i s  t i l i e a  j - b r o w -  

cyclonexene (28 -30~ /5  am, l b g ,  0.99 moles) Bis~clved i n  

anhydrous e t h e r  (100 ml) was added to aiagueslum ~ura~+,s 

(2.4g, 0.99 mtbles) in anhydrous e t h e r  ( 2 5 0  mi). 'L'ne 

mixture was r e f l u x e d  f o r  3 hours  wnile  a slow stream 01' 

carbon d iox ide  gas 'was bubbled  tnrougn t h e  sc luc ion .  Ullute 

Na2C03 was added t o  the  s o l u t i o n ,  s t i r r e d ,  and me orgarlic 

l a y e r  separated.  The bas ic  aqueous phase was a c i u l f i e d  w i t h  

d i l u t e  HC1, e x t r a c t e d  w i t h  ether. ' h e  etner e x t r a c t s  were 

dried and evaporated to  g i v e  a c i d  2 : O.fj3g, 0.042 moles, 

4.2$; ir 3100 (b,m),  3040 (m) ,  2940, 2840, 2150 ( b , m ) ,  

1705, 1650 (sh), 1230, 675 ( m )  nmr T 1 .  1 ,  s, UZu excn) ,  

4.15 (2H, s, W* = 41, 6.87 (lH, m), 7.8 - 816 W, a). 

A a i m i l a r  procedure using l i t r ~ i u a  metai i n s t e a d  o i  a t ad -  

neeium, o r  fo l lowing  a n o r m 1  Grignard proceaure,  Involviw 

addl t i o n  of oarbon d iox ide  after tne a l ~ y l  magnesium was 

prepared,  produoed only the c o u y i h g  product ,  2-(  2 - c y c ~ c n e ~ -  

en-1-yl) cyolohexene. 

(b) 2 - Cyclohexenyl aflion (121):  Soalum sand 

was prepared by heating sodium metal (11&, 0.4d mcles) in 

r e f l u x i n g  xylene (103 m l ) ,  tnen vigorous ly  s n a ~ h g  as tne 

suspension cooled.  The xylene was deoanted a m  LOW b o i l i n g  

petroleum e t h e r  (800 a l l  added. To tnis aiixture was adaed 

i 2-proyanol(2 m l ,  2.2g, 0.037 moles),  cyclonexene (2045, 0.24 
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moles), and 1-amyl c h l o r i d e  ( l? .8g,  0.17 males),  krevicus ly  

prepared from the r e a c t i c n  01' th lony l  clllorlcle w l c h  S a m y i  - 
~ l c o h o l ,  The r e a c t i o n  mixture was r ' lusnea wicn u t r o g e a ,  

and l e f t  i n  a c losed  b o t t l e  l o r  48 days witn occasional 

shaking. A t  the end of this time, carbon d ioxlue  gas was 

bubbled through the  s o l u t i o n  f o r  3 hours ,  Lne sclucion r ~ a s  

f i l t e r e d  and poured over s o l i d  GOZ. After 1 2  nours,  m e  

s o l u t i o n  was made s l i g h t l y  a c i d i c ,  Yne so lven t  was seyar-  

ated, d r i e d ,  and evaporated t o  y i e l d  crude a c i u  1 (3,2yg, 

c a b  0,026 moles, c a ,  l8$), contaminaced wlcrl a S ~ L L L I  a u u n t  

of amyl ohlor ide .  

3 - 3 4  Cyclohexaneoarboxylic Acid (A)  

A o l B  2 was prepared in 37% y i e l d  by cne d u u 4  uxia- 
1 

a t i o n  of oyolohexaneoarboxaldehyde i n  Hz504 (242), u ~ d  

converted d i r e c t l y  i n t o  amlde 7-1 (5-6-1) . 

5-4 kr-ation of ALkenvl Anides and Arnines 

General prooedures f o r  che preparation of t h e  requi red  

i unsaturated nl t rogen starting m a t e r i a l s  are given beiow. line 

data on s p e o i f l o  oompounds i s  found i m e d i a c e l y  p r e c e e d h g  

the d e a o r i ~ t i o n  of the  deoonposi t ion r e a c t i o n  oi' t n e i r  IL- 

n i t r o s o  o r  N-ohloro d e r i v a t i v e .  



5 - 4 4  Carboxamide P r e ~ a r a t i o q  

Through a benzene s o l u t l o n  of' t n e  a c y l  c h l o r i a e ,  

obtained by e i t h e r  method a o r  b below, was buboled metnyl- 

amine gas (ammonia g a s  f o r  a prirnary amide) u n t l i  r;ne 

s o l u t i o n  was b ~ s i c  (ca. 2-3 tiours), Tne s o ~ l a s  were i l i tepea  

o f f  and wasned w i t h  benzene. 'l'ne combined oenzene so lu t ions  

weroe washed wi th  water ,  d r i e d ,  and evakorated t o  &ive cne 

crude amide whiah was ~ u r i f i e d  by crysta;Llizcrtion o r  cnrcu-  

atograyhy. 

(a) To a s t i r r e d  benzene s o l u t i c n  (400 a l l  ac 0" 

conta in ing  the  ca rboxy l i c  a c i d  (ca. 9.2 moles) a m  pyriuLne 

(20g, 0.25 moles),  t h i o n y l  c h l o r i d e  ( 25& ,  0.22 uoles)  was 

added dropwise. The s o l u t i c n  was stirred f o r  1 nour,  taen 

the  amine gas bubbled through as  abcve. 

( b )  To t h e  carboxyl ic  a c i d  ( ca .  0.2. riioles) w ~ d  

pyr ld ina  (1-20 m l )  a t  oO, t h i o n y l  c n l o r i d e  ( 2 5 y )  was slowly 
I 

added, and the  mixture l e f t  overnight  aL room t e u k e r a t u r e  

i n  a f l a s k  f i t t e d  wi th  a dry ing  tube. The excess t n r ~ n y l  

c h l o r i d e  was removed by vaouum d i s  t i l l a t i o n .  Benzene 

(130 ml) added t o  the r e s i d u e ,  and e i t n e r  the a u n e  was 

bubbled through as above, o r  the benzene s o l u t i c n  used f o r  

the  Cur t ius  rearrangement (54-3). 



5-4-2 Hydride Reduction of Amlae (121) 

An anhydrous e t n e r  s o l u t i o n  cf' t n e  amide (ca .  3.06 

moles) was added t o  a suspension of LAH ( 5 g ,  0.13 uoles )  

i n  e t h e r  (150 m l ) .  Tne mixture w a s  refiuxed f o r  24 nours 

with an e f f i c i e n t  condenser o r  stirred a t  room temperature 

f o r  48 hours. A 3 N  s d i u m  hydroxide s o l u t i o n  was s iowly 

added t o  decompose the  u i x t u r e ,  the  e t n e r  Mas aecantea ,  anu 

the s o l i d s  wasned s e v e r a l  t i u e s  w i t h  e t n e r .  I'he comolnea 

e t h e r  s o l u t i o n s  were d r i e d ,  a m  tne e t n e r  reucved tmougn a 
I 

Vigreaux column t o  give. the  anine. A23 a l t e r n a t e  

t o  o b t a i n  an HC1 s o l u t i o n  of t h e  amine a i r e c t l y  r'or fur t r ie r  

r e a c t  ions,  involved b x t r a c t i o n  cl' the ecner  s o l u ~ i a n  wi t n  

several wasnes of d i l u t e  HC1. 

5 -4-3. Cur t i u s  Raarran~ement  

A similar yrooedwe (126)  used acetone as t m  so lven t  

but was founU t o  be l e s s  s a t i s f a c t o r y  due t o  w e  formatiom 

of urea and primary aniide products.  Tne a c y l  c n l o r i d e  

(5-4-lb) in a benzene s o l u t i o n  was slowly auaed Lo a s t i r r e d  

aqueous s o l u t i o n  (40  m l )  of sodium azide ( l o g ,  0.25 moles) 

while t h e  temperature was kept below 5'. Ai'ter 2-4 nours  

r eao t lon  a t  oO, the l a y e r s  were separa ted  and she aqaeous 

phase washed w i t h  benzene, The combir~ed benzene s o i u t i o n s  

were d r i e d  (0'1, and r e f luxed  f o r  3 nours  using cwo condensers 

i n  s e r i e s .  Decomposition of 3-oyclohexenylacyl aziae r e q u r e a  



40 hours r e f l u x  t o  comblete the  rearvrarzt;ement. 

5-4-4 Reduction of the Isocuanace 

The benzene so lven t  cou ld  be evaporated t c  g i v e  the 

i socyanate ,  and m LAH r educ t ion  procedure ( 125) sloliiar 

t o  5-4-2 used t o  prepare  the  methylamine, o u t  b e t ~ e r  y i e i u s  . 

were obta ined  i n  the  krocedure o u t l i n e d  below. B 7 0 p  

s o l u t i o n  of Red-A1 (15 ml, 15g, 0.052 mles r o r  t n e o r e t i c a  

0.036 moles of i socyana te )  (l&), d i s s o l v e d  in Penzerle (15 

ml) , was added t o  t n e  i socyana te  benzene s o l u t i o n .  AS t e r  

refluxing f o r  1 2  hours,  t he  mixture was decomposes wicn 

water.  The benzene s o l u t i o n  was washed wltn c t i iue  l i C l  

s e v e r a l  times, and tne  aqueous a c i u  s o l u t i o n  extracted wkLn 

ether. The e t h e r  e x t r a c t s  were drled ana evaporates usrw 

a Vigreaux column t o  g i v e  t h e  methylamine, 

k-4-4 Hydrolysis  o f  t he  1aocyanat;a 

The primary amlne was preparea by stirriry; tne  

i socyanate  (ca. 0.12 moles) i n  benzene wi tn  concen t ra t ed  

H C 1  (30  ml) f o r  2 hours a t  room temperature ,  fvliowed by 

20 minutes r e f lux ing .  The benzene l a y e r  was s e p a r a t e d  a r ~ u  

washed wi th  d i l u t e  HC1, Tne combined acid solutions were 

b a s i f l e d  w i t h  Na2C03 and e x t r a c t e d  wi t n  CH2C12. Tne CdZCIZ 

extraots were dr ied  and evaporated t o  give tne amlne. 



5-4-6 Acaty la t iou  of tne  Primary Atulne 

Tne acetamide was prepared i n  t r ~ e  normal mamer 

(122)  using tne fo l lowing procedure. 'l'ne aulne  (ca. 0.01 

mole) i n  d i l u t e  H C 1  (75 m i ,  p H  = 6 )  a t  0' was stirred wltn 

a c e t i c  anhydride (10  m l ) .  Tnen an aqueous solucion ( ~ 9  al) 

of sodium a c e t a t e  t r ihydrace  (Log) was aaded, ana tne 

s o l u t i o n  l e f t  overnight  in the r e f r i g e r a c o r .  l1ne s o l u t i o n  

was e x t r a a t e d  wi th  C H 2 C l 2 ,  and toe C H z C l z  e x t r a c t s  urled 

and evaporated t o  y i e l d  the acetaai.de. 'line a c e t a a l u e  was 

p u r i f i e d  by o r y s c a l l i z a t i o n  o r  chromatography, 

5-5 Y r e ~ a r a t i c n  of N-Nitroso and N-Chloro Coa~owlds 

The prepared N-ni trosamines were purif  i e d  by ohroa- 

atography through n e u t r a l  alumina (ca. 20g, Denzetle c r  

CH2C12 as e l u t a n t s )  o r  by distillation. bue to cne l r  trrerolaL 

and photochemical i n s t a b i l l  t y  , ki-chloramines, N-chluraaides 

( b ) ,  and PI-nitrosamides (130) were used wichout I ur tner  kur- 

i f i c a t i o n .  The data f o r  the r a d i c a l  precursors  is suirunar- 

i zed  in Tables 2.2 t o  2,6. 

5 - 5 4  3odium N i t r i t e  h i t r o s a t i o n  

( a )  N i  trosamines: The compounds were hreyarea oy 

the  s tandard method (128). The procedure tor arnines with 

r e a c t i v e  double bonds involved d i s s o l v a  tne  sane (0.02 

moles) in water (100 ml) oonta in ing  ooncentracea kC1 ( 2 m ~ ,  

0.06 moles) and e t n e r  (103 m l )  was added. haNo2 (1.5g, 0.022 



moles) was added i n  yoptlons to the scirred soidtian a c  0' 

and the  mixture was allowed t o  r e a c t  f o r  6 f l ~ u ~ s .  Xne 

etner layer was separa ted  and the aqueous l a y e r  wasrled wicn 

e t h e r .  Af te r  dry ing ,  t h e  e t h e r  e x t r a o t s  were evaporated 

t o  give the  n i  trosamine. 

(b) Nltrosamides: The yrooedure of rvrllte (129), 

using a c e t i c  a a i d  and a c e t i c  anhydride as s o i v e u t ,  was 

followed in the  maJority oi' the p repara t ions  but a uodified 

procedure, involving l e e s  NaNO2, is o u t l i n e d  below* '20 W 

a c e t i c  a c i d  (10 ml) and a c e t i c  anhydride (50 m l )  s o l u t i o n  

a t  o0 conta in ing  the  amide (0.007 moles) wae added solid 

N a N 0 2  (3.0g, 0.04 moles) over  a period GI' 1 nour. The 

- mixture was e t i r r e d  f o r  an a d d i t i o n a l  2.5 flours. Water 

(150 m l )  was added and t h e  a o l u t i o n  was excrac ted  witn 

e the r .  The e t h e r  e x t r a o t s  were wasned wi tn  water ,  cnen 

d i l u t e  Na2C03 s o l u t i o n  u n t i l  b a s i c ,  followed by anccner 

water wash, A f t e r  drying,  che e t h e r  was evakorated t c  d i v e  

t h e  ni trosamlde. 

5-5-2 D l n l t r o ~ e n  Yetroxide N i t r o s a t i o n  

(a )  Nitrosamines: 2he metnou ot' W n i ~ e  (129) was 

modified as shown. The amine (0.03 moles) was a i s s o l v e d  i n  

CH C1 (70 ml), anhydrous soaiua a c e t a t e  (yg, 1.1 a o ~ e s )  2 2 

W ~ B  added and the  mixture cooled GO -10' (acesone-ioe o a t h ) ,  

To the  s t i r r e d  mixture was added droywise over a 2 ncur kerioa 

a mid s o l u t i o n  (-10 t o  0') of N204 ( 3 4 ,  0.032 uroles) In 



CH2C12 ( 3 0  ml) . Tne aiixture whs s t l r r e u  a t  -10' A G r  6.5 

hours f u r t h e r .  Water (50 ml) was added, ana Lne UH2C12.  

l a y e r  separated.  The solvent  was wasned wl Ln waLer, aiiute  

H C 1  s o l u t i o n ,  d i l u t e  NaC03 solut ior i  m t i i  basic,  Uen wacer 

Malnm The CH2C12 l a y e r  was d r i e d  and evakorated t c  &Lire 

t h e  n i  trosamine. 

(b) Nitroaamides: A similar proceaure as above 

was used without  tne d i l u t e  H C 1  wasn a l t e r  nlcrosaciol?.  i n  an- 

o t h e r p r e p a r a t i o n  C C l 4  was used as the so lvent  and rtle i 2 ~ y  

gas was condensed in  a separatie u e a s u r l q  cylrnder, crien 

allowed t o  evaporate  i n t c  the  s t i r r e d  rnlxture of auide ar~d 

sodium a o e t ~ t s  i n  CC14 a t  -lo0. 
In t h e  N204 n i t r o s a t i o n  of' 3-cyclohexen-l-ylaceta111iae, 

a f i f t y  f o l d  excess  of pyridine,compared t c  acecamiue ,u, 
present  i n  t h e  CC14 s0lubl0n during n i t r0Sat ioX~ hXXeaseQ 

the  y i e l d  of ni t rosamide from 60% t o  75%. 

- 3  Prepara t i o n  of N-Chloro Comuound$ 

A s tandard  procedure (32 ,  78)  was usea t o  ,repare 

both chloramines and cnloramides as o u t l i n e d  in ttlis enaix;ile. 

The ~ e c o n d a r y  n i t r o g e n  combounu (0.09 moles),  d i s so ived  in 

CH2C12 o r  e t h e r  ( 5 0  a), was s t i r r e d  at 0' a i d  sodium ny,o- 

c h l o r i t e  s o l u t i o n  ( o r  ke r fex  bleacn) (50 ml) was auaed. 

Af ter  1 hour, the  l a y e r s  were separated and cne aqueous 

por t ion  e x t r a c t e d  s e v e r a i  times. ' h e  so lven t  was arled ana 

evaporated t o  y i e l d  the  crude  N-cnloro coakound waicn was 

reached immediately. 



L O O  

5-6 i rwarat lon ox' Ccmtarlsori Ccrrnr~our~ds 

- 1  M-N i tro~o-N-Me thylcyclohexaneoerr~oxaaide L 7-2) 

5 - 4 4  N-Me thy l indo l ine  (61) - 
Following a s t andard  procedure (243), U u o l i n e  

(1.10g, 0.01 moles) ,  methyl Iod iae  (0 .7  ml, 0.01 moles) anu 

anhydrous N a ~ C 0 3  (a) were s t i r r e d  for J.5 n o u r s  a t  25' in 

anhydrous , MeOH (50 ml) . The s o l u t i o n  was f i i t e r e d ,  evakoracea, 

and t n e  r e s i d u e  tamn u& in  etner. bvayorat lou oi cne etner 

gave an o i l  (0.85g) which was chromatographea ox1 s i l i c i c  

a c l d  (15g). Eluted wi th  CH2ClZ  , before t h e  uareaotea in- 

d o l l n e ,  was N-methylindollne : O.42g, go ( 1 4 0 ~ )  4.8 uin;  

ir 3040 ( m ) ,  3020 ( m ) ,  2940, 2915, 2845, 2800, 1605, 14b0, 



5-7 F h o t o l y s i s  A p ~ a r a t u s  and YiLte r s  

I f  n o t  expressed In t ne  t e x t ,  t ne  Bkraracus l b  yyrex 

and the  d e s c r i p t i o n  01' the conditions of tne ,nocoiys is  W A L L  

be arranged as fo l lows :  

Apparatus ( I ,  I1 o r  IU) ,  atmosknere (N2 o r  02), 

lamp  watt^ abbrev ia t ed  as W) , f i l t e r  . 

5-7-1 A v ~ a r a t u q  

For  p r e p a r a t i v e  s c a l &  1 .n~  t o l y s e s ,  tnree  types of 

appa ra tus  were used, 

( a )  Apparatue I : Apparatus 1 (b1i&u?e 3.1) rms been 

described previous ly  (185, 190).  '2ne meaidm p%ssLu.e 1aQ 

( 200 W ,  Hanovia 654A36 ; 450M, Hanovia o7ynjo ; i Q u l ,  hanovka  

8 ~ 3 6 )  wae plaoed i n  t h e  lamp w e l l ,  wlolin a c y ~ i m r l c a l  

glass f i l t e r  i t '  r equ i red .  E i t n e r  tas cooll,?g wacer o r  arl 

e x t e r n a l l y  cooled  f i l t e r  s u l u t l o n  ( c l r o u l a c e d  wltn a k e r i s -  

t a l t i c  pump) was passed tnrougtl the c o o l i n &  jac~e t .  iditroben 

( scrubbed w i t h  F i e s e r l s  s o l u t i o n ,  tnen leaa a c e t a c e  solution, 

followed by aonoent ra ted  H2SO4 ) o r  oxygen from a c y l i ~ l a e r  

was bubbled througn t h e  gas inlet, The condenser was fitted 

with  ei ther  a g a s  t r a y  o r  a drying tube ,  A ua&-mtic oar 

s t i r r e d  the pho to lysa te  (cam 225 ml). 'I'ne apyara tus  was 

f u r t h e r  cooled by immersion in a container oi' i c e  o r  c o l d  

wa term 



(b) Apparatus I1 : Akparatus 11 (t('l6ure 5 . 2 )  was 

used f o r  a smaller volume of pho to lysa te  (ca. 130 u l ) .  

The procedure was t n s  same as i o r  Apparatus 1 exce,c ttlac 

a stream of n i t r o g e n  served t o  a g i t a t e  tne s o l u t i o n .  

( c )  Apparatus 111 : Apparatus 111 (F igure  5.3) was 

photolyzed in a Hayonet photochemical reactor. ( Soutnern 

N e w  England U l t r a v i o l e t  Co.) with f i f t e e n  low k r e s s u r e  

l a m ~ s  (RPR 3509 A'). Nitrogen,  kassed tnrouga ~ n e  gas 

i n l e t  tube,  provided agitatlcjn oi' tm  solution. In aau- 

i t i o n  t o  t h e  cool ing fan, an e x t e r u a l l y  cooled solucion  as 

o i r o u l a t e d  t h r o w h  the  c o o l i n g  slnieLd. 

5-7-2 F i l t e r s  

The transmittance curves of tne &lass f 'Llcer8 ana 

the filter s o l u t i o n  used i n  t n e  p f i o t ~ l y s e s  a r e  sncwn in 

Figure  5.4, and desc r ibed  below. 

(a) Vycor 

(b) Corex 

( o )  Pyrex 

( d )  ' ~ e w  N o n q  (244) 

( e )  0ld.Nonex ** 
(t) Nonex and Pyrex ( 2 layers) 

( g )  WV*"" 

( h )  ~cdiurn n i t r i  t e  sodium yn tha lace  f ilcer sciu~ion ( L-3 

( i) Corning 'CS 7-60 
* Courtesy of  Corning Glass 
** Courtesy of N. J. Turro 
+** Ccurte8.Y of J~neger Glass 
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1 ~ 7  

5-8 Radical  hnera t ion  Procedures 

5 - 8 4  I!-Nitrosamlne Pho t o l y s i s  (42)  

A methanol s o l u t i o n  of t h e  n l t r o s a a i n e  (ca. 0 . a ~  h )  

conta in ing  concent ra ted  H C l  (ca. I ml, 0.012 UKdesJ was 

placed i n  the  apparat;us, usua l ly  wi tn  a Nonex r ' l l t e r ,  atia 

gas bubbled through f o r  15 - 20 minutes. ' h e  mixLiu.e was 

p h o t o l y ~ e d  until t he  n j  n * absorp t ion  (ca. j J r 3  i ~ m )  md 

disappeared,  normally within 4 nours.  'the reaction was 

monitored by uv, wi th  a l i q u o t  s 01' the yhotolysace reluoved 

a t  i n t e r v a l s  and d i l u t e d  t o  the desired volume. A zero 

hour sample was r e t a i n e d  in  the aarK and the uv spectrum 

examined a t  the  completion 01' the p o t o l j r s i s .  'I'rrere was 

no n o t i c a b l e  d e c r e ~ s e  i n  the uv absorption, inaicatincs tne 

absence of thermal r eao t ions .  

The p h o t o l y ~ a t e  was evaporated about room Lemperature 

and t h e  r e s i d u e  d i l u t e d .  witn water (ca. j O  ad). niter ex- 

traation of the n e u t r a l j a o i d i c  materlai w i t n  emer G r  a 

oh lo r ina ted  so lven t ,  the  s o l u t i c n  was b a s i f i e d  t;o tne kH 9 - i i  

region  wi th  Na2C03. Tne bas ic  f r a c t i o n  was ex t rac ted .  LLA 

some oases ,  oontinuous neavier-tnan-water l i q u i d - i l q u i a  ex- 

t r a c t i o n  was employed t o  recover  a d d i t i o n a l  material. ine 

so lven t  e x t r a c t s  were d r i e d  and evaporated t o  y i e l d  tne r e -  

spec t ive  mixtures which were separa ted  i n t o  coakonencs by 

column ohromgtography. 



A procedure similar t o  the ni trosa~ultrle hno t o l y s l t ;  

was followed, using benzene s o l u t i o n  wlcnout ac iu .  ine 

sodium n i t r i t e  s a i u m  phtrralate  f i l t e r  solution (r '~gd.re 5.4) 

was used t o  c u t  o f f  che light; below 4011 nm. file u i s a k ~ e a r -  

anoe of t h e  ni t rosamide peaks about 403 n m  were uicnitored 

t o  follow the  reac t ion .  Af ter  removal or tne kno~olysace 

s o l v e n t ,  the mixture was chrorofitogra@%A a l r e c c l y  . 

5-8-3 l h o t o l y s i s  of N-Cnloro Coinpounds 

The same procedures as above were uuea, 5-d-1 f o r  

chloramines and 5-8-2 f o r  chloramides. l'he b-cnloro 

oompounds were d i s so lved  i n  benzene, a c e t i c  acla o r  C;C1& 

and photolyzed i n  a quartz appara tus  usiw a Vycor L i l ce r* .  

The d imppearance  of tne N-cnloro cornyounu was oloniccred 

by iodometrlo t i t r a t i o n  of che p o s i t i v e  c t ~ ~ u r l n e  (jb) u s i l k  

a modif Led procedure.' The y n o t ~ l y s a c e  ( 2  ~ A A L )  was added LL 

a s o l u t i o n  ot' aoetone (10 al) con ta in ing  ca .  1 a1 of' a i i j p  

a o e t i c  a c i d  s o l u t i o n  s a t u r a t e d  w i t h  AI. Tne LiDeraceu iod ine  

was t i t r a t e d  wi th  a 0.1 N sodium th iosu l t ' a t e  s o l u t l ~ n .  

5 -8-4 N-Chloramine React ions w i t h  lble tal S ~ A  ts 

(a) I r o n  S a l t s  Catalyzed Heaction (10, 11) : Yne 

chloramine (ca. 6, mmoles) was s t i r r e d  a t  0' I n  an a c e t l c  

ao id  s o l u t i o n  (50 ml, glacllal o r  503  water) w l t k  vary- 



concent ra t ions  of H2S04 cr  HC1. To tnis dixLure was aaaed 

from 0.3 to  1 equ iva len t s  of hydrated x'errous sulfate  

( c a .  1.5 g), and i n  one c a s e  a f e r r i c  cr l lor lue s o l u t l o n  

(ca .  0.5 equ iva len t s  of cne chloraloine) . A1 t e r  rnbre crlan 

1 hour s t i r r i n g ,  tne mlxt;ure w a s  e x t r a c t e d  wicn an ort;anlc 

aolvant and wasned wi tn  d i l u t e  ha2COj. e Y Lfia 

solvent  was evaporated t o  g i v e  the cruue res ldue .  ' h e  raes- 

idue was e i t n e r  sepa ra ted  i n t o  a c l d l c  anu basic l ' r t lc t lmti  

as i n  5-8-1, o r  chromato&rayned d i r e c t i y .  

(b) S i l v e r  Nitrate Catalyzed k e a c c u n  (j>, ~ 4 ,  

3 6 )  : To the chloramine (ca. 0.035 moles) In iuetnarsoi ( j ~ d  

m l )  was added s i l v e r  n i t r a t e  (ca. 8g, 0.343 d d e s ) ,  ancl Lne 

mixture was ref luxed f o r  2.5 hcurs  i n  tile uareK. Sat.urbateci 

N a C l  s o l u t i o n  was added u n t i l  no uore p r e c i p i ~ a t e  fcrmeci 

and t he  s o l u t i o n  w a s  f i l t e r e d .  The solvenc was evaporated 

and the products  separa ted  i n t o  a c ~ a l c  and bas ic  f rac tun; ,  

as i n  5-3-1. Tho components were i s o l a t e d  oy cnrornaco&ra~hy. 

5-9 Photo lys i s  of A l ~ e n y l  Ni t rosauides  under 142 

Reaction of a o i d  & usin& metnod 5-4-10, tol lowed oy 

r e c r y s t a l l i z a t i o n  from ktOH -hexam bave an blp y l e l a  or 

cerboxamide 8-1 : m.y. 87-89' ( l l c e r a t u r e  88-90') (246) ; 
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7.5-8.) ( 7 H ,  m ) ;  as(85 ' )  139 ( h + ,  l g o j ,  124 (131, l ~ d  

(401,  82  (731,  81 (831,  79 (49) ,  73 (321, 07 b a ) ,  36 ( 7 ~ 1 .  

Nitrosamide 8-2 was prepared DY e i t r ~ e r  i uecud  3-2-13 

o r  5-5-2b t o  g i v e  n e a r l y  q u a n t i t a t i v e  y i e l u s .  h e a ~  beads  

a t  1645 and 1550 cm-' were observed Ln cne i r  spectrum, 

caused by n i t r a t e  and r l i  t r o  a d d i t i o n  proaucctl. Tne n u  

spectrum srrowed no aaiide resonance b e u s  a t  7 7.Iy and trlac 

> 90s o l e f i n i c  bond rena ined .  A saiuple c o n t r s l n i a  3 y ) p  

8-2 had t n e  fo l lowing  c h a r a c t e r i s c i c ~  ; ir j O > C  ( G ) ,  2 y 4 ; ,  

2840, 1725, 1500, 1210, b50 (m); nmr T 4.30 (2 H, s, kp = >),  

6.2 ( 1  H ,  m), 6.9 ( 3  H, s ) ,  7.5-8.2 L G  H, m l ;  uv ( c l n  cbrie), 

428 ( 9 0 ) ,  408 (851, 392 (601,  375 (50 ) .  

( a )  A benzene s o l u t i c n  (250 ml) 01 e, prekared 

from - 8-1 (2.2g,  0.0158 moles) was @ocolyzed l o r  2.3 flours 

( ~ ~ p a ~ ~ t u ~  I ,  N2 ,  200 k i ,  > 400 nm i ' i l c e r  sclutlon) . ' t r~e 

f o r m t i c n  of C-ni t r o s o  dialer was i n d i c a t e d  by all i n c r e a s i r d  

peak a t  ca .  295 nm. Evapora t icn  o f  the s o i v e n t  bave a r e -  

s idue  which showed dime; p a d s  a c  1220 cm-' am c sir+ler, 

a t  T 7.09. The dirner y e a m  disayyeared  when tne saliiple &ek t 

o r  chrornatographeci. A s o l i d  ( 0 , l l g )  h r e c i k i t a t e d  f m a  tr le 

pho to lysa t e  and an a d d i t i o n a l  0.62g were o b t a l n e a  oy c r y s -  

t a l l i z a t i o n  of t h e  r e s i d u e  ( EtOH - b20). The o ~ ~ m i l l e d  

s o l f a s  were recrystallized f r sm nexane - E ~ o H ,  cnen hcud, 

t o  y i e l d  anti-cximlnolaotam 22-1 : n.p. 203-205~ ,  i r  (nar) 

3300 ( b ) ,  3100 (m) ,  2980, 2800, 1670, 12j0, 9 5 0 ,  Y2u; n u r  

(100 mc, pyridlne - d5) T 5.82 ( 1 %, dd, J = 5.)  arld 11, 



Anal. Calcd f o r  C&-i121V202 : C, j'7.14; ri, 7.14; 14, ~ Q . L ! -  

P O U ~ ~  : C, 57.27 ; H, 7.17; id, ~ L L X L  

Decoupling exyerirnents snowau che T 3.42 anu T 7.40 

slgnals were no t  coupled t o  t h e  T 6.5 sigmil o t  che equac- 

o r i a l  C - 3 proton (2). S e l e c t i v e  reductlcn 31 uie lact~siri 

carbonyl w i t h  t r imethoxyll tnium aluminfum nyGrue  i 247 )  or  

diborane (248) f a i l e d ,  since t ne  recovered residue snowea 

a s t rong  lactam peak a t  1670 cm-'. 

( b )  Nitrosamide 8-2, preta.red t'r~rn a (2g, 0.014 
moles), in  benzene (230 ml) was pnotolyzed f c r  o n u u r s  witn 

t h e  above cond i t i ens .  A f t e r  evaporat ion of' tine s o i v e n t ,  cne 

res idue  was d i s so lved  i n  a 50% EtOH s o l u t ~ o n  (od n t l )  con- 

t a i n i n g  sodium b i s u l i ' i t e  (35g)  (1381, and was heatea i'cr " 
hours on a steam ba4W.s Tne etnanol was Q L ~ t i l i e d  o l r  ana 

t he  so lu t ion  b a s i f i e d  t o  pH 9. CH2C12 e x t r a c t r o n  a~ld ev- 

apora t ion  of' t h e  e x t r a c t s  gave aui lno~etone  ( 1&23g 

8 mmolee, 56%). A similar bisulfite n y a r c i y s i s  ct  a m u t i u r e  

of 4 n t i -  and m- cximes &?-1 and 22-2 (2:3 r a t i o ) ,  Lsola- 

t8d by chromatography as descr ibed  i n  5-8-1 c ,  gave a 

y i e l d  cf ketone 22-74 : Distilled a t  &-tido/ 5 am; 

i r  ( c c ~ ~ )  2950, 2870 ( a n ) ,  1735 ( s o ) ,  1 7 U ,  lob), ~ 4 3 0 ;  

n m r ~  6 . 3  ( l H ,  dd, J = 3 a n d 2 ) ,  7.14 ( 3 r i ,  s), 7.2-8.15 



Other methods were atten;tt;eu co prekart: t i le tieccne , . 

from t h e  oxime mixture. S t i r r i n g  t&le mixture u l c n  elcrier 

cerium (249), o r  t i tan ium (250) s a l t s  gave less than a A j p  

reaoverg of a mixture of comyounas, as judgea by t l c .  

S t i r r i n g  the  mixture in CH2C12 (15 r u l )  w i t 0  2 h kc1 (12 r u l )  

gave ca ,  60% recovery of a mixtu18e oi  oxioles and Aecone, 

as Judged by t h e  N - CH3 s i n g l e t s .  

' The at tempted s e l e c t i v e  r educ t ion  01' the amlde c a r -  

bony1 of 22-1 with L ~ A ~ ( O C H ~ ) ~  (247) was unsuccessiul since 

t he  product s t i l l  showed t h e  lb9O om-l hean. Heatl- xecone 

22-3 with  e thylene  g l y c o l  in  tne  presence or' pcc iuene  sill- 

fonio a c i d  (251) gave a 38% y i e l a  of lactam ~ e c a l  22-4 : 

ir 2950, 2880 (m), 1690, 1450, i390, 1115; n u  I- 6.4 

( 4  H ,  m), 6.7 (1 H, dd, J = j  and l), 7.13 ( 3  H ,  s) .  Treat- 

ment of the  k e t a l  22-4 wi th  diborane (248) Gave a residue 

s t i l l  showing t h e .  1690 om-' absorpt ion .  

Ketolaotam 22-3 (l.O7g, 7 mmoles) was rel'luxea wlcrl 

LAH (2g, 0.05 moles) f o r  4 8  nours i n  e t n e r  (153 a l ) .  'Lne 

r e a c t i o n  mixture was t r e a t e d  w i  tn  3h NaOA a c l u c i o n  ano 

worked up i n  the  usual  f a sh ion  (5-4-2). Tne e t n e r  was 

removed through a V i g r e a u  colutrm t o  g i v e  a aixcure 01' enrlo- 

and exo- - a looho l s  26-1 and 27-1 (ca. 3:l racio) : i.Og, 

0.0065 moles, 92%; ir 3400(b) ,  2940, 2860, 27yO(rn), 145>, 



1080, 1010; ir (nexane) 3534, 3622 (w) (literature ~>j'j, 

3628) (87) ;  nmr 7 6.1 (0.25 H, b ,  W g  = 81, 6.33 (3.75 H, 

b, wil = 1 1 1 ,  7.0 (1 H, 8 ,  D20 excn) ,  7.52 ( 3  ri, s ) .  

The mixture 01 a l c o h o l s  (0.15g, 0,031 moles) In 

acetone (1 m l )  were sha~en  a t  o0 w i t h  Jones' reagent ( i rdL, 

2.65 M)  f o r  20 minutes. e r  ( 4  m l )  was aaaed u a  cne 

acetone evaporated.  Aqueou XUH was added u n t i l  tile eiolu- Y 
t i o n  was b a s i c  @pH 9 ) ,  and the  s o l u t i o n  was e x t r a c  tea wicn 

C H 2 C 1 2 .  A f t e r  drying,  t h e  CH2C12 w a s  evayorated t o  g i v e  

amhoketone 28-1 : O.Q9 g,O.7 mmole, 60%; i r  2940, 2870, 

2780 (m) ,  1710, 1450, 1200; nmr 7 6 . b ~  (1 a, dd, J = 9.3 

and 61, 6.76 (1 H ,  bd, J = 5.5 and 11, 7.4 (1 H, a) ,  

7.55 ( 3  H, 81, 7.6-8.6 ( 7  H, a ) ;  ms (150~) 139 (kt , 2j), 
111 ( 2 3 ) ,  83 (231,  82 (1001, 67 (71, 55 ( 7 ) ,  42 ( j?o.  ' h e  

spec t ra  were i d e n t i c a l  LO 26-3 prepared bspos i to  e t .  al. 

I Attempted ox ida t ion  of tne a l c o h o l  mixture (0.11 g) 

with C r O g  i n  a c e t i o  a c i d  (252) f o r  5 . )  hours gave a residue 

I (0.07 g )  whioh exh ib i t ed  no N-CH3 siwlet in nmr syectrurn. 

A mixture of t h e  a l coho l  isomer cf 2 -y iye r id lnocyc lone~n( j1*  

were t r e a t e d  wi th  &CO3 on c e l l t e  i n  a oenzene ~ o l u t i o n  ( & 3 ) ,  

o r  wi th  DMSO in a c e t i c  anhydride (2541, but  tne groducts frou 

e l t h e r  r e a ~ t i o n  showed a s t rong  3500 omo1 tr absorp t ion  

f o r  the  alcohols and only a weak 1715 caw' peaK reor t n e  

icetone. 

* Courtesy r..S. Piliay, th i s  laboracory.  



( c  ) k n o t o l y s i s  ot' 8-2, krekarea  t ' rm ( 2  .j &, 

0.018 moles), i n  benzene 0 5 0  m l )  i o r  u.75 ncurs  as aoove, 

followed by evaporat ion of the so lven i ,  gave a resldue I J  & )  

which showed f o u r  N - CH s i n g l e c s  in  m e  ruar s p c t r u m  3 
( 7 7.09 major), A p o r t i o n  of tne r e s i d u e  (2.4 r ; )  was cmom- 

atographed on bas ic  alumina (120 g ) .  'i'he f i r s t  f r a c t i c n  

(0.26 g )  e l u t e d  wi th  C H Z C I O  contained a 1:1 r a t i o  01' K e t o -  

lactam 22-3 and n i t r a t e  l a c t a u  23-2 : ir lb30,  1280, bu8; 

n m r  7 7.07 ( 8 )  (See 5-10-1). tietolactam 22-7 (0.25 g )  was 

e l u t e d  next wi th  1% PIeOH - CH2C12. The chird f r a c c i o n  kave 

a crude compound t e n t a t i v e l y  aoslgned as amide 25-A : O.Od 6 ;  

( 2  H, m ) ,  7.21 ( 3  H, 8 ) ;  ns (30') 168 (i)rt , 071, 1 j 7  ( Y O ) ,  

109 (271, 96 (671, 80 (871, 79 ( l o o ) ,  3 j ( ~ 3 ) ,  42 (47) .  

The next  f r a c t i o n  (0.43 g )  eluted w i  tn 2s heOH - Ch2Cl2 

was es t imated  as a 4 :. 2 : 3 : 2 mixture GI' tne t e r i t a t ive iy  

ass igned C-nitrooo dimer 23-1 o r  24-1, auliue 25-1, s ~ n - o x l , w  

33-2, and nnti-oxime 22d,, based on tne r a t l o s  or ca t :  ~~-(;ng 

singlets i n  the , -  spectrum, 2-3s h e O H  - CH2C12 as trle 

e l u t a n t  gave anti-oxime w l  : 0.31 g ;  nar T 6.1 (1 ii, od, - 
J = 5 ) ,  7.18 ( 3  H ,  s). Later  t ' rac t ions  (0 .81 g), e l u t e d  

w i t h  4 - 100$ MeOH, were shown t o  c o n t a i n ,  i n  a d d i t i o n  tc 

m t l - o x i a e  22-1, var ious  yercentages of sun-oxiue 22-2 : 

nmr T 5.35 (bd, J = 6 and 11, 7.11 ( s ) .  

The approximate y i e l d s  based on start- auide  a-1 



were 4% n i t r a to l ac t am 23-2, 18% ketone w, 03 aiulae 35-1, 

6% C-nitroso diner a-1 o r  24-1, 37% ancl-oxirue a, a m  

19% syn-oxime 22-2. 

5-9-2 N-Nitroso-N-(3-cyclohexen-1-ylmetnyl i acecaniae 
(9-2) - 

Prom aarboxyllo acid k ( 2 0  g ) ,  m e  acyl cn lo r l ae  was 

prepared and reacted  In benzene witn aawonin (5 -4 - ib ) .  Yne 

primary carboxamide was reduced witn LAH (5-4-2) t o  g r lmary  

amine 19-4 : ir 3300 (b), 3030 ( m ) ,  2980, 2929, 2 8 ~ 0 ,  1 4 4 ~ ,  

650 ( m ) ;  nmr T 4.33 ( 2  H, s,  W* = 41, '7.38 ( 2  H, d, J = 5 ' > ) ,  

7.6 (2 H ,  8 ,  D20 excn).  The amine w a s  acetylaced (5-4-3) 

to give a 34% overall y i e l d  of ace tan iae  9-1 : 8.13 g; 

1s 3300 (b), 3080 ( b ) ,  3020 (a), 25413, 2&G, 1&5, 1345, 

1435, 1370, 1295, 655 hd; nmr 7 3.0 ( 1  a, b,  U20 excfi), 

4.34 ( 2  H ,  s, ~4 = 4 . 5 ) ,  (2 H, b t ,  J = 6 ,  col lapses 

Hrms at M+ : Calcd f 'or  C5H1~llO , 153 .L54. 
Found , 153.1124. 

(a)  Aoetamide 9-1 (1 g, 6.5 moles) In Cki2C12 wltn 



s idue ,  a f t e r  evaporat ion of the  so lven t ,  was cnrouetogradned 

on b a s i c  alumina (70  g ) ,  Tne f i r s t  f r ac t io r l  (0.07 ger) e l u t e a  

wlth CHZCIZ w a s  a p h t h a l i c  e s t e r ,  tne p l a s t i c i z e r  i r o a  tne 

Tygon tubing used t o  transfer N204. The next  f o u r  f r a c t i c ~ i l ;  

(0.34 g ) ,  e l u t e d  wlth 0.5-1s PieOH - CH2C12 , were a rnlxture 

of the parent  amide 9-1 8%; nmr T 4.34 ( 8 ,  w& = 4.51, 

6.85 ( b t )  and twc ocher compounds wnlcn snowed a c e c a t e  sing- 

l e t s  a t  78.0 and wnose data was obta ined  i'rom cne f r a c t ~ d n  

r i o h  i n  the  r e s p e c t i v e  compound. Tne l ' l r s c  couyound i o r a e a  

anti-oxime 29-1, mop. 180-J.85' (dec.), wnen allowed t o  - 
stand i n  CHZC12 and was asslgned as C-nitroso ulmer 29-4- : 

5%; ir 1220; nmr r 4.93 ( m ,  W * =  13),  6.38 ( c ,  J = j . j ) ;  

../s (70') 182 (211, 167 (321, 139 ( 2 0 ) ~  123 (53), I10 (471, 

79 ( 3 7 ) ,  68 ( l o o ) ,  43 ( 5 3 ) ;  uv ( C d z C l z )  c a m  j d o  nm. 'toe 

seoond oompound. w a s  ketoamide : 14$, s u o l i u e d  12a0/ 

1 mm; ir 2940, 2880, 1725, 1630; nmr 75.86 (od, J 6 ) ,  

6.35 ( k . 5  3 ) ,  657 ( 8 ,  wlb = 5 ) ;  me (100') 167 ( i t + ,  28), 

139 (25.1, 126 (50) ; l lo  (50),68 ( l o o ) ,  43  ( 5 6 ) .  

The remaining f r a c t i o n s  (0.51 g) were a mixture of 

an&& and &oxlmek , I and (448, ca. 4:l r a t i o ) .  

The f r a c t i o n s  conta in ing  l a r g e l y  sun-oxime 29-2 showed 

a broad double t  a t  7 4.60 ( 4  = 5.5). Anti-oxiae was c r y s t a l -  



D20 exch) ,  5,61 (1 8, bd, J = 5.51, 6.49 ( 2  Hj a), 7.45 

A-1. Calcd f o r  C9H14~2Q2 : C, 59 .52 :  a, 7.74; 
N j  13.37. 

Found: C, 59.18; H, 7.80; & ,  i j . 40 .  

Treatment of a mixture of tne  oxlo~eii ( 0 . U  g )  In 

6~ HC1 (20  ml) f o r  5 noure  on a aceam bath  gave a mixture 

(0.08 g )  of ketone and s t a r t i n g  oxlmes, iden t i l ' l ed  ~y tlo 

and the  ir absorpt ions  a t  1725 a-mi 950 om". 

(b) N i t r o s a t i o n  of' 9-1 ( 2  g, 0.013 molea) witn 

NaNOZ (30 g,  0.029 moles) by wetnod 2-5-lb gave a mixture 01 

compounds snowing no o l e f  i n k  protons in  t n e  nmr spec crus.  

These compounds were suggested t o  b e  b204-auaucbs ot '  n i ~ r o -  

samides 30-1 and 30-2 : ir 1725, 1640, i545, i f ; Q O ;  nmr T 

4.1 ( m ) ,  4.28 ( m ) ,  7.25 ( s ) .  k n o t o l y s i ~  of' t n l v  mixture 

i n  benzene (225 m l )  for 6 hours (Apparatus I, iV2 , 200W, 
>400 nm f i l t e r  s o l u t i o n )  ahowed no C-nitroso dimer yeaK 

appearlng i n  t h e  uv spec t ra .  Evaporation of Lne so lvent  

and chromatography of tne  r e s i d u e  on n e u t r a l  alumina (70 g) 

gave only 0.47 g of reoovered material, none cis wnich was 
I 

an oxirne product ( v ide  inf ra) . Each i ' rac  Lion d e ~ o m ~ o s e d  



r a p i d l y ;  tnose f r lad t lons  e l u t e d  wi tn  0.3-3ii, heOH - CH2C12 
showed 1r and nmr s p e c t r a  similar t o  getone &-J ouc con- 

tained two spots on t lc  witn larger Rf va lues  cnan &9-3, 

5-9-3 N - N i  troso-N-me tml-2-cyclcnexene-1-carbcxaaiae 
( 10-2) - 

S t a r t i n g  acid 2 (3.8 g, 0.03 moles) was CQnverLed LO 

amide 10-1 (3.1 g,  80%) by method 5-4-la. An attempt t o  

p u r i f y  10-1 us ing  alumina chromatcgraphy was unsuccessful  , 

The crude amide was d i s t i l l e d  a t  130-150•‹/ 20 m a  t o  give 

a mixture c o n t a i n i n g  cam 20% (,l25 g )  01' m a t  akpea r s  L O  ue 

a d e r i v a t i v e  of t h e  amyl chloride using in r r e p a r a t l o n  of 

acid 2 (nmr snows broad signals a c  r 8.9), and imkure amlae 

10-1 : ca, 0.45 g; ir 3300 (b), 3080 (b), 302Q (u), z y j w ,  - 
2860, 1635, 1530; nmr r 3.5 (1 H, b r  3)20 excn) ,  4.i5 ( 2  H, 

a, M i  = 301, 7.0 (1 HD d, 7.16 ( 3  HD dr  J = 6, c~llatses 

t o  B on D20 exchange); ms (30') 139 (fi+ , 701, 63 (741, 

b o w s  (Apparatus I, N2, 200 W,> 400 nm f i l t e r  s o l u t i o n ) ,  

followed by so lven t  evapora t ion ,  gave a crude  residue 

(0.45 g). C r y s t a l l i z a t i o n  f'rom benzene-petroleum e t n e r  and 



Nmr decoupllng exyerlments sncwed cne si6nals a t  

7 5.98 and T 6.45 were coupled t o  eacn c tne r  (J = j) 
(See Results  2-2-3). 

The combined mother l i q u o r s  were chrcu~a tugayned  

on neu t r a l  alumina (35 g ) ,  and the f i r s t  i'ractlcirr (O.Ob & )  

eluted with CHZCIZ was the suggested amyl de r iva t ive  : ms 

(90') 246, 176, 105; p a t t e r n  snowing r e p e t i t i v e  losb: of 

14 mass un i t s .  The next two L'ractions (0 .03 g} e lu teu  WlCri 

0-0.5% MaOH - CH2ClZ w e ~ e  a complex mixture wneri examined 

by t l c .  The following f rac t ions  ( 0 . 1  g )  eluced witn 0 . 3 - ~ p  

MeOH - CH2C12 were a 2:1 mixture of starting au ide  10-1 

[ c a m  15%: ir 1635, 1535; nmr T 4.3 (m)  7.1  (a); t l c  l aea t -  

ical 1 and a compound t en t a t i ve ly  assigned as ttecolactain 

31-1 : ca. 7%; i r  1745 (b); nmr 6.4 (a), 7.10 ( s ) .  Zrek- 

a r a t l v e  t l c  (alumina) was unsuccessful in separation GI* L n i s  

mlxture. The remainder of tne  mater ia l  (0.09 g )  eluted i ' r ~ u  



the column wi th  0.5-20;; ~YeOti - CHZCiZ was O X ~ W  : 

r ( C H C 1 3 )  3300 (b), 2940, 2870, 1730, l4bO i n ) ,  i4j3, 

935; as and nmr v i d e  supra .  'I'm t o t a i  y i e ld  01' oxirue 

31-1, based on 0.45 g of arnide 10-1, was 44$. 

5-9-4 N-Ni troso-N-(3-cyclohexen-1-yl) acetarnide ( 1~-2) 

Carboxylic m i d  9 (12.5 g) was converted cc cne k c y l  

az ido  ( i r  2140 cm-l) and decomposed LO i s o c y w ~ t e  (ir ZLoO 

om-') by method 5-4-3. The benzene svlut~on contalnlng 

isocyeulate was heated w i t h  Me1 as An meLnod > 4 - 5  LO o ~ t a l n  

exch singlet a t  8.2). Pormed as  a by-1,roduct was tne sym- 

Amlne 17-5 was a c e  tylated (5-4-5 ) alld cnromtc~ra thed  

on neutral alumina (50 g )  t o  give an 838 y i e l d  cif ace.camide 
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Acetamide 11-3 (1.05 g ,  7.6 mmoles) was n l t r u s a t e d  

twice wlth N204 (0.7 d , the second t h e  in sne yresencc 

of pyridlne a s  descr ibed i n  5-5-2b, t o  g i v e  impure n lc ros -  

amide 11-2 : 1.22 8 ,  Lr 3300 ( b , w ) ,  3030 (m), 2949, 2650 

( m ) ,  1730, 16401 (m), 1515, 650 ( m ) ;  nmr T 4.25 iQ.b H, s ) ,  

4.48 (1.6 H, t ,  J = 2), 5.7 (1 3, m), 7.34 (2 .4  h, s) ,  7.0-6.0 

(9 H ,  U, s a t  7.98); uv (ca. In c&,) 423 (601, 435 ( 3 ~ 1 ,  

390 (4O), 366 (25) .  Tne nitrosamide was photolyzed in 

benzene (220 m l )  f o r  4.5 hours (Apparatus i, i12, 20Q d ,  

> 400 nm f i l t e r  so lu t ion) ,  Tne photo lysa te  snowed no in- 

c reas ing  peak at  ca. 295 nm In t n e  uv spec t ra .  Yne 

c o n t r o l  r e a c t i ~ n  showed c&. 25% decrease In tne a o s c r j i t i ~ n s  

o f  the nl trosamide about 400 nm. 

Tne orude photo lys is  proauct (1.14 g )  was curmatic- 

graphed on n e u t r a l  a l u m i n a  ( bO g). %'he l ' i r s c  r ' r a c t ~ c n  ( G .  ~5 ,, 
e lu ted  w i t h  CH2C12 was tne tne rua l  deccmposicion l ~ r c a u c  t ,  

ester 2 : ir 3030 (m), 2950,  2870, 1 7 9 ,  1240, l o j5 ,  05 j 

(m); nrnr T 4.37 (2 H, s, ~4 = 41, 5.8 (1 H ,  bn), 7.5-9.1 

( 9  H, m with s a t  7.97). The mate r i a i  (0.51 g )  e l u t e d  w l t h  

0-3% MeOH - CH2C12 was acetamlde 11-1 go (170') 77&, re t en -  

t i o n  time of 4.2 m i n .  , contaminated wl th  two minor i r o d u c t s  

(20$, gc r e t e n t i o n  time 8.4 inin.; 3$, gc r e t e n t i o n  blue i4 - 



( 9 2 ) ,  81 ( 5 1 ) ,  80 (571, 79 (271,  60 ( l o r ; ) ,  50 ilea), 

43 ( 85) ; anu tne  second as d icn lo roace taa lde  34-3 : as 

211  ( ~ l ~ ~ ~ l ~ ? ,  2 ) ,  209 ( ~ 1 3 ~ ,  3 ) ,  176  ( l y ) ,  174 ( ~ 2 ) ~  

134 (231, 132 (651, 96 (421, 79 ( 3 9 1 ,  60 (871, 43 (1001 . 
The remaining material (0.04 gj r'rorn the column m u  s m a L  

Rf values on t l c  and appeared t o  be B204 adduccs sucn as 

3 1 - 4 :  ir 3300 ( b ) ,  2940, 1650 ( b ) ,  1530; as (120~) 

185 (51,  95 ( 6 5 ) ,  59 (439, 45 (531, 44 (831,  4 ( 1 ~ ) .  

5-9-5 N-Nitroso-N-mecnyl-j-cyclcnexene-1-aoetanriae ( i z - 2  ) 

Crude amide 12-1 was prepared u s i n g  rnetnoa 5-4-la r r ~ a  

a o l d  2 ( 15.07 g )  and chromatographea tnrough n e u t r a l  alum- 

(30  g )  t o  g i v e  12-1 : 7.75 g, 47%; m.p. 44-50•‹, ir jjOO ( b ) ,  

3080 ( b ) ,  3020 (a), 2920, 2850, 1040, 1550, 650 ( h ) ;  ninr T 

2 . 8  (1 H, b, D20 e x c h ) ,  4.37 (2 H, s, W* =4.5) ,  7.25 ( 3  h, 

6, J = 5 ,  c o l l a p s e s  t o  s on D20 exonawe) ,  7.6-9,1 ( 9  H, m); 

ms (75') 153 (M +,  91,  74 (141, 73 ( l o o ) ,  38  (211, 45 ( 9 ) .  

Amide 12-1 - (1 g,  6.5 mmoles) was n i t r o s a t e d  by aetnou 3-5-2b 

t o  give ni t rosamlde 12-2 : 1.39 g; r 3020 (m), 2 ~ 2 6 ,  2030, 

1720, 1640 ( m ) ,  1550 ( a ) ,  150i), 1205, 655 (a); nmr T 4.33 

(1.8 H, 13, W.$. = 51, 6.85 ( 2  H, d, J = 61, 6.68 ( 3  d, s ) ,  

7.4-9.3 (ca. 7 H, m); uv (ca. e in ~ 6 ~ 6 )  421 (801, 4d2 ( 8 3 ) ,  

386 (60). 

The crude nicrosamide was photolyzed in benzene { Z ~ U  ml) 

f o r  3.5 hours (Apparatus I ,  Ha, 200 Y,> 400 nm filter so lu -  

t i o n  ), Several attempts t o  c r y s t a l l i z e  product from t n e  



r e s i d u e  using ~ t0 i - i  - Hz0 o r  ace tone  f a l l e a .  Cnroaatc- 

graphy of the r e s idue  (0.95 g) on n e u t r a l  alumlna (>d g )  

gave f i r s t  with CHZCIZ t he  Tygon t u o i q  p l a s t i c ~ z e r  ( 3 . b ~  6). 

The next f r a c t i o n  (0 .29  g ) ,  e l u t e d  w i t h  9 .5- lp  h e u ~  - C H 2 G l 2  

contained R B  a rna jo r  component a n  u n i d e n t l i i e d  seconuary 

amide : ir 3300 ( b )  , 3080 ( m ) ,  2920, 285u, LAO, 1323; 

nmr s i g n a l  a t  T 7.2 (a, J = 4.5, c o l l a p s e s  t o  s c;n U20 

exchange); ma (1800) 182 (l), lbd (j), I b j  i j ) ,  153 (01, 

4 1  (49) .  E lu ted  w i t h  1% keOH - CHZC12 was all o x i s e  (0.25 t, 

~ 5 4 6 ) ~  which was the only proddct e lu t ed  wklen t n e  crurte 

yhoto lysa te  r e s i d u e  was cnromatograpned on s l l i c i c  acla. 

The ass igned  s t r u c t u r e  f o r  t n i s  product  was anti-oxlm 

5 1  : c r y s t a l l i z e d  from ace tone ,  m.p. h 5 - l o ? 0  (dec.) ;  

l r  (KBr, ~ ~ 1 4 )  3200 (b), 3100 (b), 2920, 28bo, loo5, 93s; 

ir ( n u j o l )  1608; nmr ~ 0 . 0  (1 H, b, D20 excn) ,  6.15 (1 n, 

t, J = 31,  6.75 (1 H, a ) ,  7.12 ( 3  H, a ) ,  7.15-8.8 (ca .  9 ,  m); 

ms (110') 182  (M +, 101, 165 (601, 150 (401, ~ L J  ( 3 > l J  

110 (351, l o 8  (581, 95 ( l o ) ,  73 ( l o o ) ,  5s (351. 

Anal. Calcd f o r  CqH1@202 : C ,  59.32; H, 7.?4;., A , . ~ ?  

The remaining m a t e r i a l  ( 0 . 3  g )  elutea wi tn  

3.100% MeOH - CH2C12 was l ~ r g e l y  one component. 'l'nis coa- 

pound was not p u r i f i e d  but  appeared t o  be a s u b s t i t u t e d  

secondary amide, suoh as would r e s u l t  from aeocmjosicion 

of amide a : ir 3300 ( b ) ,  2920, 26b0, 1035, 1jjO; n u  T 



# 
5-9-6 N, N - Uinitroso-ant; i ,  warm- 3, u - ~ y r i u - 2 - o r ~ e  -- 

D i m e r  ( i s )  

As in the procedure 01' Taylor ancl nan (U '?) ,  2-kyr l -  

done (6 ,  50 g, 0.53 moles) in lb~eOH ( 253 ral) was pnotolyzea 

with  450 W lamp in  pyrex Apparatus  L f o r  7 1  nour s ,  wicn 

occasional removal of tne insoluble material, cd b l v e  aiuer 

13-1 : 15.5 g, 0.082 moles, 313; c r y s t a l l i z e d  i'rom acetic 

m i d ,  miLp. 220-223' ( I l t e r a t u r e  225-227O) ( 1 2 7 )  ; Ir ( d r )  

3175 (b), 3080 ( b ) ,  2980, 2930, 2870, 1655, 1105,  700; 

nmr ( C F ~ C O O H )  T 1.5 ( 2  H, b), 3.05 ( 2  H, t, J = 71, 3 . 6  

( 2  H, t, 3 = 71, 5.4 ( 2  H, bm), 6.0 ( 2  Hj dd, J = 10, 7) ;  

ms (220•‹) 190 (M +, O ) ,  95 (110) ,  67 ( 9 2 1 ,  39 ( 9 ) .  U k i  

r educt ion  of  a suspension of the dimer in e tmr  was not 

N&o2 nitrosation of 13-1 (2.4 g, 0.013 moles) by 

method 5-5-lb gave a 94% yield c;f nicrosodirner 13-2 : 2 .yb  g, 



0.012 moles; mmpm 208-210' (dec.), i r  (ad j db5  ( w ) ,  

Found: C ,  48.74; H, 3 . 2 3 ;  b, 2L.50. 

( a )  k h o t o l y s i s  of' a suspension o l  I3-2 (1 g;^) ir, 

acetic acid (250 ml) f o r  17 nours (Apkaracus 1, h2, ,233 W ,  

> 400 nm f i l t e r  s o l u t i o n )  snowed m e  appearaue o l  a m w  

p e ~ k  a t  297 nm. Etner e x t r a c t l o n  of' tne mixture,  1 ol iowed 

by base wash of the extracts, gave 2-kyridone : ca. LO,+; 

ir 3400 ( b ) ,  3250 (b), 3100 ( b ) ,  30i)O, 24~0, 2803, i u ~ i ) ,  

1600; nmr T 1.0 (1 H,  b ,  D20 excn), 2.6 ( 2  H, pl), j a b  (231, YI). 

A similar p h o t o l y s i s  in benzene f o r  25 hours  w l L n  a 4 ~ 0  w' 

lamp gave oomplete recovery  of' n i t ro sod imer  I j-2 . 
( b )  N i t rosod ine r  13-2 ( 2  8 )  i n  r eagen t  ~ r a a e  cecra-  

hydrofuran (550 ml) was bhotolyzed f o r  2j nours wltn a 43a k 

lamp as above. The y r e o i p i t a t e  was f i l t e red  ma iuei i t i f ' led 

as  amide dlmer 13-1 : 0,23 g, l5$, v i d e  sukra .  Lvapora t lcn  

of the  s o l v e n t  gave polymeric m a t e r i a l  ( 0 ~ 0 5  g )  and an 

ether s o l u b l e  mixture (1.5 g )  whioh was cnromatograyned on 

s i l i o i c  a c i d  (50  g ) .  The i n i t i a l  f ' r a c t i o n s  (0.4 6 )  e l u t e d  

with  CH2C12 conta ined  the so lven t  s t a b i l i z e r ,  4-ruetnyi-2.0- 

t-butylphenol. The compound (0.3 g )  e l u t e d  wlch 13 h e W  - 
CH2C12 was assigned as 2-hydroxyte t ranyarofwan (40-1): 

ir 3300 ( b ) ,  2960, 2885, 1065, 4140 tb); nmr r 4.4 (1 ki, P I ) ,  



6.1 ( 2  H ,  a \ ) ,  7.1 ( 4  H, m); me ( l o o 0 )  813 (a + ,  rl), tio ( 2 3 ) ,  

75 (741, 57 (531, 56 (421, 44 (100). Elutea  w i t n  1-3p 

HeOH - CH2C12 was a compound (0 .2  g )  w r l i c n  was s6a;yeaLed LCI 

be Y -hydroxbutyraldenyde (40-2) : i r  1723; nar T L -95 ( u s  1 ,  

The remaining material (0.5 g) eluced wltn 3 -5p  rAei)d - C C ~ ~ C A ~  

was pyridone 4 ( v i d e  oupra). 

( c )  Nitroscdimer 13-2 was uncnanged after  re- 

fluxing i n  benzene f o r  48 hours o r  at cer  n e a t l q  tur A r u m  

a t  150'. When heated t o  ca. 170' w i t n o u t  solven~ o r  in '  

diphenyl  e t h e r ,  13-2 decomposed t o  polymeric mter la l  ana 

2-pyrlaone ( oa. 20;;). 

5-10-1 N-Cnloro-3 -me t n ~ 1 - 3  -CYC ionexem-I-car~oxmicie 
fS-3) - 

Using method 5-5-3, amide 8-1 (1.125 g ,  d muoles, 

descr ibed i n  5-9-1) was converted t o  11-cnloramlae : 

oa. 1.2 g, 85$, 6.9 mmoles; ir 3020 (a), 24i9, 2840, ~ W O ,  

i 1440 (m),, 650 (m); nlnr T 4.23 ( 2  ii, S,  W I  = 4 . j ) ,  D.O~ 

( 3  H, a ) ,  6.9 (1 H, a), 7.55-8.5 ( 6  8, a).  Tnis  broauct  

oontalned 7% of unreacted amlde as mown ~y cne T 7.14 

doublet .  Chloramide w a s  pnotolyzed In Denzene (250 a) 
as descr ibed  in 5-8-3, using quar t z  Apparatus 1 t o r  4 nours  

( N 2 ,  100Y, Vyoor f l l t e r ) .  After evaporation 01' tne so lven t ,  

t h e  crude r e s idue  (I.&) showed singlets a t  7 0.95 and 7.12 

and the amlde doublet  a t  T 7 .I9 i n  the r a t i o  c i  41 : 33 : b. 



l a s t  c o r r e s y o n d i ~  t o  t h a t  of andue a, i n  a r a c r o  ot' 

44 : 45) : 7. Another ) h o t o l y s i s  res ldue  sr~owed a ~ ~ ~ i & e t  

r a t i o  of 1 : 1.15, 

The res idue  (1.4g from 1.4bg anilue 8-1) was cnrom- 

atographed on s i l i c i c  a c i d  (50  &).  E l u t i o n  wicn 0-$6 neOH - 
C H 2 C l Z  gave w - c h l o r o l a c t a m  &3 : 0.7 g, 393; ir 2300, 

2870, 1690, 1450, 815; nmr T 5.68 (1 8, dd, J = b, 31 ,  

6.30 (1 H, bt, J = 41, 7.12 ( 3  H ,  s), 7.5 (1 H,  o, *6 = 7); 

7.55-8.5 ( 6  H,  m ) ;  ms 175' (h + ~ 1 ~ ~ ,  23) ,  173 + 1 , b?) , 
138 (68) ,  110 (1001, 96  ( & I ,  83 (221, b8 ( 3 0 ) ,  53 l Z 9 ) ,  

42 (42).  
35 Hrms at  M ' C ~  : Calcd f o r  c ~ H ~ ~ v O C ~ . ' ~ ,  173.uoir7 

Found, 173.9602. 

Next e lu ted  wl th  3% MeOH-CH2C12 was a e lxcwe ( 0  .7 g ) .  

The y i e l d s  es t imated by gc and by nmr, i'rorn cne ~ u . y : ,  sin- 

g l e t  and T 7 . l9  doubl&t,  were 33% endo-cnloroiac tan a 
(0.6 g) and 74% amide 8-L (0.1 g ) .  The l'ractlvns corl la lniu 

23.3 were d i s t i l l e d  at  95-97O/20 mm and were i'urcrier cnrc;m- 

atographed on a c i d i o  alumina, fol lowed b,y s i l l c a  gel yrek-  

a r a t i v e  t l c  t o  g i v e  a sample con ta in ing  soue m - c h l o r o -  

laotam 24-1 and amide a as i m p u r i t i e s ,  out was > 003 

endo-chlorolactam 23-3 : ir 2960, 28'/0, l b ~ u ,  1 4 > G ,  705, - 
750; - T 5.75 (1 H, ddd, J = 9 ,  7 and l ) ,  0.14 (1 h, ad, 

was the same as  24-1 ( v i d e  supra) .  



Treatment of a mixture of' anu 24-4  WALK^ souium- 

t-butcxlde i n  t-butanol (225) caused hyarolysis or' tlie 

lactarn r ing g iv ing  R low y l e l d  ot  iJr'oducts snowint; no ,,can 

at 1690 cm-l. LAH (0.8 g )  reduction of toe cruaa p w s u i y -  

sate (0 .1  g )  in  ether l o r  120 nours, l 'o l lowea oy a reacticn 

w i t h  p lcr ic  acid gave picra te  41-3 : Cryscallizea rrcm c t~ r i ,  

Anal. Calcd f o r  C141118i$bU7 : C, 47.40, H, 5.58; 
li, 1 5 . a  

Found: C ,  47.69, H ,  5.12; iq, 15.59. 

A crude photolysate (1.2 g ) ,  consist ing ol 4 8 ~  2b-3, 

42% 23-7 a?d 10% & by gc analysis, was s ~ i r r e c  witn  YAH 

( 3  g) for 37 hours gave a mixture (1 g ) ,  wnlcn e x r ~ l o l ~ e d  

by gc (150') three p ~ k s  w i t h  retelltion clrues 01' i . 7  (41-i), 

1.8 (19-1) m d  3.5 (26-2) minutes. 

The LAH reduction over a longer pericu (120 r~cur;) 

increased the peak a t  1.7 minutes a t  Lne expense o i  ctle cne 

at 3.5 minutes. The reduction mixture was C n r o o ~ L o ~ r a ~ n e d  

on neutral  alumlna, and elu~eci  w l  th 0-L& AieoH-GH2Ci2 was 



T 7.0 region wi th  J = 1.5 coupl inb ,  ano. was a l w  c o d k l e u  

t o  the protons i n  t h e  T 7.4-7.7 regLon. Tniv com;.c;unci ilau 

i den t i ca l  i r  and n w  s p e c t r a  wi th  20-2 synthes ized  by 

U ~ e s m a n  (87 )  and S t e l l a  (112) .  

Fu r the r  e l u t i o n  wi tn  2-5s NeUH - C1i2Cl2 have aaLw 

41-1 : 0.35 g; Ir 2930, 2850, 2790 (a;), 1450; nmr T /.oO ( s i .  - 
This amine readily formed tm hyctrosccpic nyarocll lcrlae 1rL 

CHZC12 o r  C H C l g  t o  y i e l d  H C 1  salt 41-2 : nmr (D20) T 

6.2-6.85 ( Z H ,  m),  7.0 ( 1 8 ,  a), 7.10 \ 3 k i ,  s ) ,  7.6-8.u(> 

H, m ) ;  ms (150') 125 ( 3 6 ) ,  56 ( l o o ) ,  82 (461, 66 ( 1 4 ) ,  44 ( > A ) ,  

42  (341, 36 ( 3 8 ) .  Tne f i n a l  compour~u (0 .1  6 )  e lucea  iron 

trle column was aminc 19-1 ( v i d e  inira).  

When m - c h l o r o l a c t a m  (0.l.b g )  was stlrrea w ~ t n  ww 

(1 g )  for 5.4 hours ,  it gave 25% 41-1 ana anomer. coupouna 

suspected t o  be - exo-chloroamine 27-2 : 7 5 ~ ,  ir 2930, 26N,  

2790 (m), 1450, 760 b); nmr 7 6.6 ( 2  H, m ,  W* = 7 )  7.2 

(1 H ,  m), 7.57 ( 3  tI, s ) ,  7.5-8.9 ( 8  H,  m). I'rie l a t t e r  

product decomposed on kee&ing,or  on Lreparac lve  b~ purif i- 

ca t ion .  

5-10-1 N-Cnloro-N-( 3-cyclonexen-1-yl )acetamiae (11-1) 

Using method 5-5-3, from a e e t a n i d e  11-1 (1 g )  was 

prepared crude N-chloramide 11-3 : Ir 3030 (m) ,  2 ~ 4 0 ,  2&", 

20$ of o l e f i n  H C 1  a d d w t ,  as sllown oy  tne decreased  i n t e g -  



r a t i o n  f c r  the  o l e f i n i c  p ro tom.  ' h e  unpur i r ' l ed  c r l lo r~mide  

wae photolyzed f o r  5.5 nou r s  i n  CC14 (220 al) In quar t z  

Apparatus I (NZ, 200 W ,  Corex f i l t e r )  mtl l  > 75% of ckie ;cs- 

1 t ive c h l o r i n e  b d  disappeared. Tne I-nsoluble ma c e r i a l  

fcrmed during ph~tolysis wae d i s s o l v e d  uy tne  add i t i on  of 

MeOH ~ r ~ d  the combined s o l u t i o n  wa8 e v a l ~ o r a c e a  t o  dive a crude 

res idue  (1.47 g). 

ik aLmilysis ( 17g0) of tne  r e s i a u e  t;nowed a unimum 'cr  

f o u r t e e n  peaks, with peaKs correskonding t o  t m i  oi' tile 1,are:lt 

amlde - 11-1 (ca .  5$), the H - C1 adduccs 34-1 o r  34-2 ( j D p )  

and the  d lch lo ro  adduct 34-2 (1216). Tne last cwc were con- 

firmed by gc - ms spectra i d e n t l c a i  to  trxse oDta;Lmcl I n  

5-9-4 ( v i d e  supra) .  

Yne only c t n e r  r e l a t i v e l y  major  p rcducL  ca.  7 p  was 

suspected t o  be C2C16 based on t h e  go - ms : 2d7, ZvJ, Z b j ,  

35 
201, 199 ( 5  C1 p a t t e r n ,  C C1 ) ,  133, 131, 129 ( 3  Ci pacce~*ri) ,  

2 5 
121, 119, 117 ( 3  C 1  p a t t e r n ,  1 0 ~ $ ) ,  48, 96, y4  ( 2 G1 ,a tcern) ,  

&, 83, 82. The remainder c f  t h e  k roauc t s  were eacn i n  

5% y i e l d  and i s o l a t i o n  was n o t  attempted. 

5-11 Hitrosamide I 'ho to lyses  in the Presence of T r a ~ ~ i n b r ,  
Agents 

5-11-1 Pho to lys i s  of 8-2 Under Cxygen 

method 

> 90% 

Crude ni t rosamido (5-I3-l), yregared accord& t o  

5-5-lb from arnide 8-1 (1.2 g) was snown tc: cofitam 

of the o l e f i n i c  bond as est iolated by nu. 'i'm oelizerie 



soluticn ( 2 2 5  m l )  of' t n i s  nltrcsarniue was i-notoiyzeci I or 

2.75 hours  while oxygen gas was bubbled t n r c u ~ n  tile s o l u t i o n  

( A P P R P R ~ U S  I ,  200 w ,> 400 nm f i i t e r  s o l u t i o n ) .  yne uv 

spec t ra  snowed a new peak a p i ~ e a r i n g  a t  j 4 0  Ern wnlch dec- 

reased s l i g h t l y  on cont inued khotolysis brlt rio k e a K  a&; earea 

a t  295 nm. The cruds  r e s idue  ( l . b 8  g) snowea s i x  s k c t s  cn 

t l c .  A s i m i l a r  ~ h c t o l y e i s  in h e O H  of > Y O >  k u r e  uicrosanlae 

8-2 showed the same sko t s ,  in a a d i t i o n  t o  twc:  otrier faint 

ones, on t l c .  

Chromatography of' the  benzene pnocolysis  reslaue on 

n e u t r a l  alumina (65 g )  e l u t e d  f i r s t ,  witn 0-0.53 h e G H  - C f i 2 C ~ L ,  

a mixture (0.97 g )  of' endo - and ex-ni t ra to lac tar r r  23-2 anu 

in  t h e  r a t i o  of 2:l. T h e k t e r  f ' r a c c ~ o n s  wei.e c c n t a r -  

ina ted  with amide &,$ ( ca .  0.1 g). Tne e s t i m t e s  o D t a ~ n e a  

from the nmr s i n g l e t s  a t  7 7.05 ana 7.08, ana m e  douo;et 

a t  T, 7.19 gave the y i e l d s  a t  35% 2 3 ,  i7$ 24-2 and tip a. 
The following f r a c t i o n s  (0.2 g) e l u t e d  witn 0.5-ijtd Pievti - C'n2GiL. 

were a mixture of two COmpOUnds by t l c ,  yoss lb ly  t r l e  ewe 

6.9-8.5 ( a ) .  The crude o i l  was neated w i t n  y-nitrooenzoyi 

ch lo r ide  t o  g i v e  a product wnlch snowed a yead ar. 1715 cu-l  

and a decreased 1070 cm'' peaK. Solid couia mc oe o o ~ a l n e d  

from t h i s  product upon c r y s t a l l i z a t i o n  from Et OH. 

The mixture (0.5 g )  obtalned in  tne t a l i  cnromato- 

graphic f r a c t i o n s  decomposed on acteiuy ced d l u t l l ~ a   on. > ~ ' i ~ e  



o i l  d i d  ?ot show the oxime band at 950 cffi-' ana, +on 

treatment wi th  b i s u l f l t e ,  d i d  ncc y i e l d  ~ e t c i a c t a u  

( v i d e  s u p r a ) .  The presence of n lc ro lac  tarns, ~ d c h  as 2i-i 

and 24-5, was suggested by tne s p e c t r u ~  uata : ir ~ o & i l ,  

(2,5), 154 (100). This  f r a c t i o n  was con ta rn~r&~eu  oy a t r c c e  

of parent amide 8-1, and decomposed extcnsLve~y on aLcem,ced 

d l s t l l l a t i o n  a t  9od95'/ 1 mm. 

Reduction of a por t ion  of' the crude k n o ~ o i y ~ a t e  ( 0.5 

i n  ether (100 a l l )  with LA8 (2  g ) ,  r'ollowed by o x ~ u i c i o n  wicn 

Jones' reagent (10 ml) i n  acetone, gave aminoketone&$-1 

(0.15 g) wi th  i d e n t i c a l  ir and nmr s p e c t r a  as ootained pr9- 

v i o u s l y  ( v i d e  supra,  5 - 9 - 1 ) .  



Aoid L (10  g, 0.079 moles) was converr;eu uy aeuiou 

j-4-lb t o  c rude  arnlde 14-2, which was dls~lilec a c  A L ~ -  

126' / 0.8 mm t o  y i e l d  amiae 14-2 : o g, S . 0 4 ~  u o l e s ,  pr; 

N i t r o s a c i c n  of - 14-1 (1 g ,  7.2 rnmoles) u s l r k  u e u o u  

5-5-2b i n  C C l 4  gave n i t rosa lo i ae  14-2 : 0.04: 6 ,  3.6 uuuras ,  

53%; ir 3050 ( m ) ,  2940, 2800, 1725, 1645 ( w ) ,  150d, 14G3, 

1200, 940; nmr ( C C 1 4 )  72-25 (1.8 h, s, Wg = 2 . 5 ) ,  0.77 

( 2  H, 6 ,  w* = 41, 6.92 ( 3  8, s), 7.33-9.0 ( 3  d, a); us t J i r O )  

168 (N ' ,  01, 138 (131, 1u9 U u ) ,  81 (4c)), 7 r  (A,  07 ( A d d ,  

50 (231, 4 1  ( 2 5 ) ;  uv ( E in CC14) 423 ( 9 9 ,  434 ( y o ) ,  jdy b), 

374 (40). The ni t rosamide  in  BrUC13 (230 ml) was ~ n o c a l y z e d  

f o r  3 hours (Apparatus  I ,  82, 200 W ,  > 400 nm l ' i i c e r  S O L U L I O I I )  . 
The d i s t i l l e d  s o l v e n t  was c o ~ l e c c e d  and sriowea a wealc uv 

abso rp t ion  a t  580 nm. 

The crude  r e s i d u e  (1.7 g )  sncwed f o u r  reads by gc 

a n a l y s l s  (150') at  4.6 , 5.7 (38$), li.1 (20;b) and 

16.6 (40% minutes. Chromatogra;ny of tne  r e s i d u e  on n e u c r a l  



alumina ( 65 g) gave i lrst trle 'L'ygcm t u o l n g  1 , l a s t ~ c ~ z e r .  

50.2 g ) ,  e luced with benzene, and Ilu recerlclon Luue rias 

4.4 mino i n  t;& gem C H ~ C ~ ~  e l u t e d  w? arc;mClc C Q U k c i U A u  

H ,  correskonding t o  the second gc pean : 3 .LA a, Ir ~ 4 ~ 3  (w ) , 

3060, 2930, 1600, 1580, 1500, 1240,  1040, 7 3 ~ ,  oyO;  nm 7 

2.4-3.2 ( 5  H, m), 5.88 ( 2  H, m), 6.95 i l  i i ,  d, 7.L iZL-1, m); 

gc-ma 150 (581, 110 (161, 107 (zj), 94 ( l o o ) ,  7 /  b l i ,  . 

57 ( 3 9 ) .  wi th  O-O.'j$ MeCH - Ct12C12 was e luced  la@re g&- 

bromolactam 42-1 (0.73 g,  893 based on 14-Z, 47$ based m. 

14-1; gc r e t e n t i o n  time 16.6 ruin., ) ,  contaminated w i G r l  trace - 
amount of compound h e  k ' ina l ly  e l u t e d  w ~ c h  0 . 5 - j u ; ~  n;ei;nancA 

t o  tnose of the  r e s idue  l e f t  ax'cer a comerclal sauk le  01 

BrCC13 was evaporated, and comkound a apgears co De Lne 

product r e s u l t i n g  from H C 1  a d d i t i o n  t o  comtcunu d. helwer 

compound was investigated f u r t r ~ e i ;  

Bromolaotarn &a-1 was not  ~JW-e af Ler a l s ~ ~ l l a t r ~ n  at 

72-76'/ 0.5 am and was rechromatographed on s i l i c l c  a c l u  

(30  g). The impurity Compound K was eluced  l i r s c  w l c n  

C H ~ C ~ ~ ,  then e l u t e d  w i t h  1-5s heOh - UH2C12 was LrAe 



75' 79 Calcd f o r  C8HL2WBr , Hrms f o r  M'Rr , 
Z l 7 . O l O 3  

fhe effect of Eu( fed) on the nmr skectrum m y  be seer1 in 3 
F lgu re  2.Gb( 2-4-21. 

Gc analysis of tne  cruue bromoiaccam fractions i;n 

four types of columns at; different ternkeratures a t  v a r i c ~ u s  

t empera tu re  snowed only one EeaK x'or 42-1.  LA^ reuuct;i.cn 

of 42-1 gave the  cis-amine 43 : ir S94ij, 2b53 ,  2'?7d, i45i), 

1350; nmr T 7.74 (s); ms (25') 125 ( P A +  , j y ) ,  124 t l b )  

110 (121 ,  97 ( 2 5 ) ,  9 b  ( 1 0 0 ) ,  82 (&4) ,  42 (16). ~ ' n e  kicrace 

of 43 was rec~ys ta l l ized  frcm btOll : . 2u4-2W0 (aec .) 

( l i t e r a t u r e  207O) (160 ) .  The reskectlve vaLues l o r  tsbanq- 

42-1 - and 2 -azabicyclo- 3,2,1 1 octane are l $ 1 u - l q r 7 ~  (230) 

and 273' (257) .  



5-12 P h o t c l y s i s  of Alkenyl i i t r o s a m l n e a  Unuer i rZ  

St~rting f r o m  cyclopentadlelie as i n  04 2.1, f'olicwea 

by the amlde preperation given In metnod 5-4-ia, gave ti 

10% c v a r ~ l l  y i e l d  of auliae - 14-1 (10.b5 g, d.37'/  ruoier;, viue 

supra 5-11-2). Ao~iae 14-1 was reduced w i c r l  & (4.6 &,) lor. 

28  h o u r s  as  i n  rnethcd 5-4-2. 'Lhe etner exLracLs were 

stirred with 2N HC1 solutlon and nitrosased v l t n  i\a&u2 ( i d  6 )  

as described i n  5-5-1 co yield nicrosamine M, i b ~ c r c -  

sarnine 15-2 did not; d i v t i l i  at LOCIo/ (J mm and was curain- 

atographed tnrcugn s l l i c  l c  acid ( 2u0 & j WL cn c ; t i~C; I~  e i u c a l : ~  

to give 15-z : 4-52 g, 0.029 moles, 383; ir jd4u (a), 

2920, 2840, 1620 ( w ) ,  1430, 13j0, 1280, I O ~ ,  ' ~ L U  u j ;  

nmr T 4.40 (28, s, WQ = 3.51, 5.90 (1.5~ H, t ,  J' = 71, 

6.34 (0.66 H, a), 6.45 (0.44 H, t, J = 7), 7.08 (2.44 i-i, s ) ,  

7.2-8.8 ( 7  H, m);  uv ( c i n  HC1 - P ~ ~ G H I )  347 (95). IL'm in-  

tegration of the N - CHj alnglets lndloated t b s  the 

E-isomer was 75%. 

Nitrosamina 15-2 (2.31 g, C).Olfi moles)  in WeW (2dG al) 

oontalnhg oomentrated H C 1  (1.5 ml, 0.018 moles) was ir- 

radiated for 3.5 hours (Apparatus 1, N2, 230 W ,  fionex f i l t er ) .  

Ae tho 347 nm peak deareased in the uv spec tra, ano tner ~ e a 4  

at 290 nm appeared and snowed a sli&nt decrease wltn con- 



c i n u e d  pnot;olysis. Fol~owlng t i l e  isola~lon prGceuure  &ven 

in 5-8-1, tne r e a c t i o n  mlx tu re  gave uasic in ace ria.^ i L.YU t ; )  

and ~ c i d i c  rmterial;  the Latcer was i d e n c l r l e u  as  m e a c t e u  

of syn-oxime 4- disappeared anu the T 7.5~ sinblet o i  

anti-oxirnc 46-1 was seen. An a u u i c i o r m ~  0.2 8 01 oxiiue - 
mixture (ca. 1:l) was e l u t e d  from tne  column wicn 100p 

MeOH and by continuous extraction 01' tne basic aqueous 

solutlon with CHC13. Tne b o t a l  yle ia  ot' ma oximes was 

66$, based on reacted nitrosaa~ine 15-2 in the gnt1 : 
P 



r a t l c  of  1.4 : 1. A similar chmiuaLocra&ny cl crdue L I ~ S L C  

ma te r i a l  (0.28 g) on n e u t r a l  alumina ( U O  d )  +ve del;or~e 

46-3 ( 0.025 g, 9%) and EL mixture of oxlu~es 40-1 and 40-2 

(0.23 g ,  82$, 1.4 : 1 r a t i o  ). 

A mixtupe ot' oximes 46-1 a m  40-L (0.12 g )  was L I , E ; ~ ~ G ~ G  

with b i s u l f i t e  (139)  t o  g i v e  ~ e t o n e  40-3 : d.d5 6, 433; ir 

2970, 2840, 2780, 1745, 1737 (d, i430; nmr I- u./-7.1 

( 2  H, a), 7.45 (1 H, d ,  J = 7 ) ,  7.53 ( 3  H a  s ) ,  7.3-6.7 

( 7  H ,  m); gc- a s  (140') 140 ( + ,  12), ljy ( f i t  , j 5 ) ,  

111 (351, 83 ( l o g ) ,  82 (75), 42 (45) .  

Hefluxing the  c ruae  b a s ~ c  r e s l u u e  (0.8'7 p5 j 10r 2 hcarbs 

i n  1.5N HC1, l'ollowed ~y b a s l f i c a c i o n  ana e x t r a c  trcin, &uve 

amino~etone  46-'j (0.39 g, 50s). !A1ne p i c r a t e  ox 40-3 

(may. 132-135', dea .). was unstable  in  hcr esrrtu~ol. 

Tne nmr spectrum of a m i n ~ e t o c e  46-1 jCl.uo 6 )  u s -  

solved in 20% D20 in  yyr id ine  (ca. 1 all) (loo) was run  

immediately, then t h e  sample h e a ~ e d  l c r  1 nour ac j d 3 .  

The decrease i n  the t o t a l  integration of t m  krotons o l  

was equiva lent  to  1.7 pro tons  witn a c o r r e s y o n a i ~  Increa.,e 

ehown i n  the i n t e g r a t l c n  of the  uHO pad. ' ~ ' n i s  sample was 

examlned by gc-rns and t h e  PA+ peaks compared tu t r l a t  ot' 40-, 

which had n o t  been deu te ra ted ,  fhe  r e s u l t s  ob ta lnea  a r e  

ehown ia Table  2.7 (2-5-1). 

, Otner methods . o f  convertincl; a n  oxiae mixture t o  tile 

corresponding ketone were actembted but gave Low y ie lds  of 

ketone o r  a mir tura  of ketone and oxlmes, a s  Juc&ed by lr 



( CO absorption a t  1745 f o r  46-3 or  1715 om-' 1.or 49-2 versus 

oxlme absorp t ions  a t  3300 and 950 cm- ' ) .~a .  t l c  examination. 

The r eac t ions  at tempted w i t ; t l  e i t h e r  a rnlxttire cl' oxlures 

46-1 and 46-2 o r  tne oxime lsomers of 49-l* are given oelow. 

Oximes 46-1.2 (0.17 g ) ,  when t r e a t e a  w l t t l  c e r l c  a a u ~ n I u r n  

s u l f a t e  (2491, gave a mixture (3.55 g, 353). Uxirues 4 b - ~ , &  

(0.15 g ) ,  wnen neated with NaN02 in HCrAc (2j8), gave a 

mixture (0.5 g,  33%). A p o r t i o n  of' t h e  craae bas ic  e x t r a c t  

(0.9 g )  i n  a o e t i c  a c i d  was heated wi tn  z inc  d u s t  ( 2  g) (2594 

t o  give  beak oxime'(0.9 g )  with only a t r a c e  oi xetcne. 

0x1- 49-1 mixture (0.34 g ) ,  wnen s t i r r e d  wicn l e v u l i n i c  

~ o i d  ( 9  R )  in2N HC1 (1 ml) f o r  3 nours (260) )  gave a 

mixture ( 0 . 2 8 ~ ) .  Oxirne kYrl. (0.4 g )  in 2 h  H C 1  (5 al), 

when heated,with forraaldehyde (15 m l )  f o r  1 nour a t  1 0 0 ~  

(2611, gave a mixture (0.26 g) .  Oxiue 49-1 (0.49 g )  in  - 
g l a c i a l  a c e t i c  a c l d ,  wnen neated wi tn  P b ( 0 ~ c ) ~  l o r  2 n o w s  

(262), gave a product (0.26 g) snowing no 171) cm-A pea*. 

A peak ac 1750 cm-l i n  tne  ir  speosrum of tn is  product may 

be caused by an oxime--4-acetate. Wnen a 0.1 h Cu SO4 

s o l u t i o n  (10 mls) was aclded t;o a mixture ot '  oxiu~es 4b-1& 

(0.12 g) a green  c o l o r  r e s u l t e d .  Al ' ter  evakora t lon  cr' crre 

solvent  and a d d i t i o n  of NH40H, CH2G12 extractlon gave a o5$ 
I 
I 

1 reoovery of the  mixture (0.08 g) . A similar green coloi* 

was observed wnen lactam oximes 22-1 and a were u ~ x e d  

with CuSO4 so lu t ion .  

* Courtesy K.S. P i l l a y ,  t h i s  l abora to ry  



2d0 

An attempt t o  nydrogenate ketone 46-5 (0 .21  In 

5N HCl in the  presence 0 1  i toi? (107)  gave a l u i x ~ u r a  ot' 

epimerlc alcohols 48-1 and 48-2 : O . l j  g ;  Ir j j C ) O  f b ) ,  

2945, 2860, 2780, 1450, 1020; nmr I- 5.9-6.2 (1 r i ,  a), 0.8- 

7.5 ( 3  H, m),  7.63 and 7.69 ( 3  ti, two s, eq-1 ~ u t e s ~ c y ) ,  

7 . 7 4 . 7  ( 7  H, m). Alcohols 46-1 and 46-2 coulu u e  uxlulzed 

with Jones' reagent t o  Ketone 4~-"3. T h e  oximeb 26-1 anu 

-0 (0.14 g )  were r a i luxed  i n  2h NaOH ( 1 0  al) w l m  h&Hq 

(0.4 g )  fcr 3 hours (168) t o  ~ L v e  a low y i e l d  c r  a urixcue 

of a lcohols  26-1 and 26-2 (0.02 g ,  vid.e  supra,  5-' j - i ) .  

j-12-2 N-141 troso-N-me tnyl-2-(3-oyclonexene) etrlylamine (m) 
LAH ( 4  g, 0.1 mole) reduotion ct' arulue ~ 2 - 1  ( J . )  

0,022 moles) f o r  40 hours, as descr ibed  in  mecnoa 5-4-2, 

gtive amine 15-1 : 2.5 g ,  0.018 moles, 83h; ir j j 9 9  ( D ) ,  

3020 ( m ) ,  2929,  2850, 2790 (m), 1650 ( w ) ,  14j0, bj:, (a); 

nmr 74.3q ( 2 H ,  s ,  ~ * = 4 ) ,  7.4 ( 2 H ,  dt, J m 7 , 2 ) ,  7.56 

( 3  H, s), 7.94 (1 H, s, D20 exoh), 7.7-9.2 ( 9  h, a). iq . ic -  

r o s a t l o n  according to me tnod 5-5-la gave crude utrcsaruu~e 

(2.3 g ) ,  wnlch was f i l t e r e d  i n  benzene tnroubn n e u t r a l  

a l u r n i n ~  (15 g)  t o  y i e l d  ni t rosamine lu-2 : 1.3 6, 8 urnoles, 



o l e f l n  unreacted.  

Nitrosamine 16-2 (0.7 g ,  4 mruoles) was p i l 0 t 0 ~ y Z e d  

f o r  2.5 hours In MeOH (220 m l )  ccntu in l% conzentratea n i l  

(0.6 r n l )  (Apparatus  1, N2, 200 k ,  Nonex f i ~ s e r j .  me USLEU 

work-up (5-8-1) gave the bas i c  residue (0.45 g) arlu m e  

a c i d i c / n e u t r a l  ma te r i a l  (0.125 g ) ;  tne l a c c e r  com2oseu 01 

unreac ted 16-2 and two rnin~r irnpuricles wnicn here r~'eScdiC 

i n  the starting mater ia l .  

Tne basic compounus were cnromacodraknea cn o h s i c  

alumina (50  g ) .  Yne f i r s t  t 'raccious (O.i)b g )  e luceu  W A C ~ A  

0-0.55 MeOH - CH2C12 were a mixture ( 3  s k o t s  on ~ l c )  wlun 

no N-CH3 o r  o l e f i n i c  s i g n a l s  i n  tne naw speccrdm. L~usea 

witn 1% MeOH - CH C1, was amino~e tone  (O.i)3 b, o$, v u e  2 2 

hf ra) . E l u t i o n  w i t h  3-5s heoH - C H 2 C i 2  aave cne coupouna 

assigned as a&j.-oxime 50-1 : 0.09 g, lop ,  subli lnea uj-70•‹/ 

0.5 mm; ir 3300 (b), 2920, 2650, 2800, 1650, ( o , ~ ) ,  1450, 

1270, 11.45, 9 3 0 ;  nar  7 0 . 8  (1 H, b,  U 2 0 e x c n ) ,  9.75 ( 1 H ,  a), 

7.2 (1 H ,  m ) ,  7.67 ( 2  H, m), '7.75 ( 3  H, s), 7.b-9.1 (ca. b A ,  

m); ms (150') 168 (1; + , ll), 151 (1031, 110 ( 0 1 ,  yo ( > b ) ,  

82 ( 1 1 1 ,  70 (391,  60 (221, 59 (251, 33 (4, 42 W). 

H r m s  a t  Mt : Calcd f o r  Cghl$lZO , lbd .12o j .  

k'ound, 168.1325. 



':he remaining mterlal  (3.95 d), e l u c e u  . w l t l ~   LA^ LC 

100s E t O H ,  was ass igned  as  u - o x l n l e  : 93; Ir 330a 

( b ) ,  292i), 2850, 28130, 1553 (b), 1459, L L ' I C ) ,  i1u5, y j i ) ;  

nmr T 2 .2  (1 H ,  b ,  D20 R X C ~ ) ,  6 . b  (1 i!, in), 7 ( 2  n, 

+ r n l  7.40 03  i f ,  s ) ,  7.4-9.: (ca. ~ o , H ,  m ) ;  UIS (louO) ibr P , 

41, 1 5 1  (201, 141 (201,  96 ( 1 1 1 ,  82 (71, 57 ( 2 w ,  44 (132). 

f h o t c l y s i s  of' nitrosamine 16-2 (0 .4 j  b )  in r~eCin (1ij 

c o n t ~ i r l i n g  ccncent ra  ted HC1 ( 0  .j ud) f o r  2.72 1lcur.s ( ~ , ~ , a r -  

ntus 11, N2, 200 W ,  Nonex f i l t e r ) ,  fcllowed oy  u s u a l  W G r n -  

was hested In 5O,% aqueous ikleOH (10 ml) L'orl 4 n c u ~ ~ s  ac 1 c d G  

wi th  sodium b i s u l f i t e  (1 43). liCl (1 a l l  was adued, cr,e Lieuri 

evaporated,  and the s o l u t i o n  was b a s i i ' i e d .  c;n2ClZ exc rac  c ~ c m  

and evapora t ion  gave i m p &  ~e tone jo-3: O.CJ&, uecc~iri;seu o t  

70-eo0/0.5 mm; i r  2920, 2855, 2790, i'710, 143~; nmr T 7 .3 -  

7.7 ( m ) ,  7.73 ( s ) ,  '7.8-9.1 ( m ) .  '.his pl*oduct was corrcami~:- j 

I 

~ t e d  by a smell amount b f  oxime [ Ir 3390 ( b , ~ ) ;  nmr 7 . t :  \.- ,:. 
CHOlg continuoue e x t r a c t i o n  of tne  aqueous  j~mse r'roru t n e  

b i s u l f i t e  r e a c t i o n  gave unreacLed oxilne ( 0 . 0 ~  3 ) .  

5-12-3 N - N i  t roso-h -me tnyl-(3-cyclonexen-l-yl)a4ne ( 17 -2; 

Acid k was cOnVer*ted by tne metklcas cutllneu in 5-4-j 

and 5 - 4 4  t o  g i v e  methylamine 17-1 (555 o v e r a l l ;  ~r 3 j " v (  U )  , 
3030 ( m ) ,  2920, 2840, 2790, 1650 (w), 1440, 655 \a); nar 

T 4-34 ( 2  H ,  s ,  ~ 4 -  =-5), 7.1-7.4 (1 ti, m), 7 . 3  (1 n, s ,  

D20 exch) ,  7.53 ( 3  H, 8 ) .  7.53-8.9 b n a); ws (ljaO) 



l e t s  showed 91% E-isomer and o l e f i n i c  prot~n si6rar sncweu 

758 o l e f i n .  

(a) Unyurii'iea n l t r o s a a i n e  17-2 (1.5 p i )  U ~ ~ e u r i  
I 

( 3 2 0  m l )  con ta in ing  concent ra ted  M1 (i.7 r n l )  Mas y n c t o l y z e ~  

f o r  1.5 hours  (Apparatus 1, N2j 200 W, ilcnex f i l ~ a r ) .  Ir~e 

uv s p e c t r a  showed a &eaK akyear ing below 338 n m  wnlcn t ~ l ~ c u  

i n t o  the ni trosamine absorpclon. 'I'ne scanuaru wcrh-u, (3-8-1 j 

gave b a s i c  m a t e r i a l  (0 .5  g )  wnich was snown t o  oe &r&eLy 

parent  amine by t h e  nmr spec t r u n ,  and a c i d i c / n e u c r a ~  WLerlai  

(0.65 g) which was l a r g e l y  unreacted 17-2 as s n o m  oy t ~ c  

and nmr. The l a t t e r  f r a c t i o n  snowed a W d i U m  peak a c  1723 cn-' 

i n  the ir spectrum, and gave a ~>recip)l tate wi tn  2 ,  4-ctin- 

l t rophenylhydrazine.  

The combined basic f r a c t i o n s  10.91 d ) ,  ou ta inea  f r c b  

s e v e r a l  photo lyses ,  were chromatographed on n e u t r a l  a ~ u r n i ~ e  

(50 g) . The first mterial (i1.2 &) eiutea w i t 1 1  ip Aulec/n - iki;jdi, 

was a mlxturc [nmr T 4.34 ( s t  Wd = 4.5), no !d - 0ii3 

singlets] which d i s t i l l e d  a t  85-95O/ 2 mm : is )300 ( 0 1 ,  



polymer l i k e  & a t t e r n ,  major peam a t  10y (43)  , 1 a J  ( p ) ,  

81 ( 9 2 1 ,  80 (771, 79 (951, 71 (541, 57 ( 4 4 ,  53  ( l b ~ ) ,  

132 ( 5 0 ) .  The remaining mnter ia i  (0.43 b l  e l u t e d  wltn J - > J ~  

PpOH - C H Z C I Z  contained a small amount ci' a u n e  17-1 

( T 7.5 s i n g l e t )  wi th  the major p o r t i o n  ~ e l n b  tne rlyarccii- 

l o r i d e  s ~ l t  of amine 17-1 : ir 3350 ( b j ,  ~ G j i ;  (a), Z y j d ,  

2%0, 2723,  2450 (m), 1440, 660 ( m ) ;  n u  ,r d . 8 5  ( 2  AI, s ,  

D ~ O  excn) ,  4.30 ( 2  H, s ,  w t  = 5 ) )  7.3 (1 h, bm),  7.30 i j  n, 

7.4-8.4 ( 6  H, a) .  

( b )  Nitrosamine 17-2 (1.1 g )  In g l a c l a l  trcecii: 

acid (600 m l )  conta in ing  concentraLed HG1 (1 oLL) was k t i c ~ o -  

lyzed f o r  5.5 nours (Apparatus 1, h 2 ,  209 k ,  dmex i ~ i t e r ) .  

The uv s p e c t r a  snowed cnly  a snoulaer  a; jjO nu A o r  m e  

nitrosamine n -+ rr * t r a n s i t i o n .  buring cne kt?ctolysi; ; ,  a 

s t rong absorp t ion  appeared whicn ~ a i i e d  be1c.w 333 nu. uhter 

(503 m l )  was added t o  the  ynotolysace,  cne a c l u  w c t s  r ieutral-  

i z e d  with M3H, a-rd the  s o l u t i o n  e x t r a c t e a  wi cn i;hZC;l,. l'r'ne 

e x t r a c t s  were wasned s e v e r a l  times wiLn a i l u t e  a c l u ,  arled, 

nnd evaporated t o  g ive  a l i q u i d  (0.34 g )  , containeu 

l ~ l r g e l y  unreacted n i t rosamlne .  'I'm d i s t i i l e d  so lvent  was 

t r e a t e d  wi th  DNI-H and the  p r e c i p i t a t e  was r e c r y s c a l l l z e d  

from 93% E t O H  t o  g ive  a s c l i d ,  suggested co oe a mlxture 

01' cyclohexene hydrazones 52-2 and 52-4 : 13.02 b ,  n1.1.. 

128-132'; ms (180') 276 (P! + , l o o ) ,  241 7 )  i t i j  (b), 

153 (4 ) ,  122 (71,  97 (791, 79 ( 7 1 ) ,  77 (b41, b7 ( a 2 i ,  41 (Go,; 



uv 372 nm. 

The aqueous acid wasnes r'rom a b o v e  were Dasit'leci 

ond uxtracted tc g i v e  mixture  (11.2 ~ j ,  snowing o s p o t s  oy 

tlc. Tne nmr spectrum of' cn ib  fractlon exnio~ted s-als 

at 3 . 7  (b, D20 excn), 4.35 (s, W* = 51 ,  7.25 t s i ,  0.7-8.d 

( m )  . 'i'he mixture was  nclt t 'urther invesci&aceu. 

5-12-14 Naitrosa-fi-meAnyl-2-cyc:lotencer~e-1-ae~rlr rrralr,e 
( 18-21 - 

Acid 1 (5 g ,  0.04 moles) was convertea asirk se t r l ju i ;  

574-3 and 5 - 4 4  to methylamine 113-1 : 3 g ,  b 3 p ;  ir j j u u  C D ~ ,  

3050 ( m ) ,  2930, 2850, 1640 ( w ) ,  720 (a) ;  nmr 74.32 ( 2 n ,  8, 

Wt$ = L C ) ,  6.7 (1 H, s, D20 exon),  7.77 13 d, s i ,  7.4-ti.'? ( 7  h, 

m). Nitrosation by ppdTcedure 3-3-2a, and l l i t r a t j ~ o n  ul a 

benzene solution through neutral alumina, ylelaea nlLrcrstiir~~ne 

18-1 : 1.56 g, O.OLJ. moles, 28% overall f r oah ;  Ar j 0 ~ 3  t a r ,  - 
2930,  2855, 1450, 1430, 1330, 68i) ( m ) ;  nmr T 4. j kL 41, u,  

w * = ~ R ) ,  5.96(1.6A, u, J = 7 1 ,  6.25 ( 0 . 6 i i ,  s), 0.40 

(0.4 H ,  d ,  J = 7) ,  6.99 (2.4 H, d, 7.4-8.13 ( 5  n, a); uis ~ J S )  

140 (M +,  j), 80 (661, 73 ( 4 U ,  67 (1001, 44 (y t j ) ;  uv ( in 

H C l  - MeOH) 345 ( 8 9 ) .  l'ne r a t l o  of t ne  d - CH3 al ru j le~s  

ind iaa tad  80% E-isouier ot' the n i  trosamlne. 

i A methanol eolution (220 ml) 01' ni t rosaru i r~e  ad-; 

(0.74 g , 5 m m o l e ~ ) ~  and oon0enr;racea dGl ( 0 . b  r u l )  was ~ r i c t o -  

lyzed f o r  3.5 hou r s  (Apparatus I, N2, 200 W, i k o m x  I irttirl, 

fellowed by WCPK-up ~srooedur*e 5-8-1. R o  G - n i  t;r*osc uliuci* 



peak was seen I n  t h e  uv s p e c t r a  durin;; crle ~ ~ ~ o t o l y s i s .  i'lle 

ao i d i c / n e u t r a l  e x t r a c t  ( 0 . 5  g) was ~ r i i ~ i a r i l y  m e  l ' y d ~ n  

t u b i n g  p L ~ s t i c i z e r ,  w i t h  a minor coulpcnent wrlicn uid ncc 

c r y s t a l l i z e  from E t O H ,  su,geaced t o  oe C y ~ l ~ p X t e n ~ , ? t :  

oxime 53-1 : i r  3300 (b), 1030, 950; nmr T 3.05 ( m ) ,  4.2 (a), 

7,243.2 ( m ) .  

The b a s i c  m a t e r i a l  (0.4 g )  con ta ined  ahkrcjxinscely 

15 peaxs i n  the gas' cnromatodram. yne m J c r  peaas (80') 

were a t  2.2 rnlnutes for paren t  amble 1 8 4  ( 1 8 ~ 1 ,  7.8 (16p) 

and 10,4 (16%) tuinirtes. 'i'nc %Jar kortion ot' tlie Dasic 

frsction was l o s t  d u r i n g  a d i s t i l l a t i o n  attem,.c a c  3C1•‹/2;j 

ContLnuous e x t r a c t i ~ n  of t h e  aqueous s o l u t i o n  (&  = 8 )  w i u i  

C H 2 C l Z  gave a mixture  : 0.09 (5, major go petlns a t  7.8 

(Compound A) and 10.4 (Compound B) minuces, ca. 1. : 2 r a t i o ;  

ir 3200 (b), 3060 . (b ) ,  2940, 2850, 2735, 172a tw), 1 ~ ~ 5  \a), 

1640 ( w )  , 1445, 1260, 1235, 1115, 915; nmr ( m ~ o r  k e a d  

T 6.75 ( 2  H, 81 ,  7.37 (2 H, m, W B  = 71, 7 a d Y  ( 3  n, s ) ,  7.4-i.7 

(1 H, m), Examination cf t h e  m J o r  p roduc t s  by gc-as gave : 

Compound A 102' ( 2 1 ,  89 (451, 87 ( 9 ) ,  53 ( ~ o o ) ,  38 (721, 

45 ( 5 9 1 ,  43 (28);  c o m ~ o u d  B 154 ( 4 j ,  57 ( ~ 3 1 ,  46 WJ) ,  

80 (561, 75 (261, 54 (371,  53 (811, 52 W), > Y  ( W e  uue 

t o  t h o  low y i e l d s  and ' v o l a c l l i ~ ~  of tne  p rouuc t s ,  no f u-~:ier  

. . & d e n t l f l c a t i o n  was a t tempted .  



5-13 Metal Catalyzed L)ecornk,osl t i o n  01' I\-Gf~lcramiiie 17- - 
Amine 17_1, (1 g, c j  oimoles), ,reparea a s  crescriucja ill 

5-12-3, was c n l o r i n a  bed acccrdine; L O  ,rocedure j -; -3 In 

CH2C12 t o  g i v e  &-chloro-N-methyl-(>cyclcnexen-1-yl) akbe 

(17-31 : 0 . 8 8 g ,  6 mmoles, 07%; ir 3025 (m), c;y2GJ Z W j ,  

1640 (w), 1440, 1365, 060 ( m ) ;  nmr 7 4:34'(2 H, s ,  1r-8 = 4.5) J 

7.07 ( 3  i4, s ) ,  6.9-7.3 ( l r i ,  m ) ,  7.3-8.5 ( b h ,  d o   fie un- 

purif l e d  chloramine and f e r r i c  c n l o r i d e  (a,75 &)  wers  

s t i r red  under n i t rogen  in  50% aqueous acetic aciu 22 d). 

Hydrated f e r r o u s  su l fa te  (0.5 g), d i s so lved  hi tne saw 

s o l v e n t  (15 ml), was added a t  oO, as aeec r lb rd  in metnoa 

5-&4a. The mixture was allowed t o  w a r m  co rGcm t e a k e r a c u e  

over 11 hours,  t hen  f i l t e r e d .  'I'he s o l u t i o u  was extracted 

wi th  CH C1 and the  e x t r a c t s  watitiea w i t n  e l l u t e  ha2L~>. 
2 2 

The solvent  was dried and evaporated t o  y i e i d  a resicide 

2-73 minutes (20$, parent amine i 7 d ) ;  4.8 minutes ( 2 . p )  

m/e 164 (61 ,  125 (11'1, 83 (1001, b2 (b7)1, 42 ( ~ o ) ;  13.3 ~i:lu'es 

(23%) m/e 183 (61, 181 ( N + c $ ~ ,  ll), 148 ( j 7 1 ,  140 ( i a a ) ,  
i 
F- 118 (12), 110 (291, 104 (261, 70 (351,  57 (44); 24.2 d n u c e s  

I- (39$), separa ted  i n t o  two y e a m  ( 2 ~ j o  and 14>) wlcn i a r j r l t ~ c a ~  

ma when temperature programmed, m/e 207 (21, 203 (c l j5 ,  j), 

170 (401, 148 (81, 146 (251, 128 (301, 110 (501, do  ( o5 ) ,  

70 (801, 57 (1001, 43 (70) . The produccs witn gc retention 



t i m e a  13.3 and 24.2 minutes were ausibned au i i icnlcrcaul~lr= 

u - 2 ,  and cnloroacetoxyauines aria f , 5 - ~ ,  red,% t l v e i j .  

The  o the r  t e n  products  were less  t n e r ~  3p y i e i a  eacll. 

Chromatcgrayhy of the  residue (0 .5  g) uli oaslc a ~ u , . i . ~  ,,. 

(35 g) gave incomplete separation and o n l y  i1.2.i 5 t o c a r  r e -  

ccvery , From the i'rac t i c n s  w n t a i n l r ~  b r u a r l l y  uie C ~ ~ I I , + L U ~ Q  

t h e  fcllowing c h m a c t e r i s t i c s  were obtained: ~ l ~ l l ~ c ~ ~ ~ 0 E i ~ d ~ c : t  

$5-2 : nmr T 5.71 (bm), 7.57 (s). Crilcroacetcxy auudc t  

assigned as 55-1 : ir 1740; nmr T 4.9 (bra), 5.95 (om) ,  7.42 

( e ) ,  Chloroacstoxy adduct a ~ s i g n e d  as  55-2 : ir 1'145; 

nmr 75.1 (bm), 5.9 (bm), 7.84. ( 8 ) .  Yna low f i e l d  ~ o u l t i ~ l e t a  

all h ~ d  h r g e  coupling c o n ~ r a n t s  (J S l O  nz) m u  @~cerl ls  

of trans ddix ia l  protons.  

5-14 Ni trosamlne Pho t;olyses in t;ne kresence ct '  I 'L%LuL~~ 
AKsnts 

4-14-1 N4it;roso-N-metnyl-3-oy~lofiexene-l-ae~r~yla~~iine 
(19-2) Under O2 
- 

biethylamiao 7-1 (5-9-1, 4.5 g, 0.G32) was reaucea w l c n  - 
t 

I LAH ( 5  g )  f o r  40 hours, as describeu in metriuu 5-4-2, co 
I 
Y give mine 19-1 : 2 g,  0,016 moles, 30p; ir 3 3 ~ 0  ( D ) ,  



nltrcsamine.  Tne ~ ( r c d u c t  was crwornacobrapnect u n  u e u t r a l  

alumina (50 g )  t o  g i v e  n i t r o s a m h e  l y - 2  : 4.4 g ,  C1.3~2 moles, 

8 ;  r 3025 ( m ) ,  2320, 2840, 1930 (HI, 14~0, i j45,  i j&,  ILJ, 

1630, 650 (m); nmr 7 4.25 ( P V t i ,  s, W$ = 4 . j ) ,  > O W  (1 .40  t i ,  

d ,  J = 8), 6.16 (0.66 H, s ) ,  6.49 (3.44 d, u, J = d), b . 7 ~  

t (2.34 H, s ) ,  7.7-8.9 ( 7  H, a); ms 154 (pi , 11, ~ j ' t  k j i j ,  

94 (281, 81 (811, 79 (721, 74 (641, 53 (341,  44 ( l o o ) ,  
42  ( 5 7 ) ;  uv ( C  i n  H C 1  - PieQH) 345 (1051. i'nere was 78% 

E-isomer as est imated by nmr. 

(a) Nitrosamine 19-2 (1 g ,  b uaoles)  in  P,eOH 

( 225 ml) conlxkining concent ra ted  HC1 (0 .6  ml) was &no to lyzed  

for 3.5 hcurs  while  QXygen gas was bubbled tnrou,n cae sol- 

ution  pa par at us I, 100 W, Nonex f L l t e r ) .  Yf1e uv s i ~ e c t r e  

shcwed no C-nitroso yeai; a t  ca .  29(j nm. 'dne rrclrml wcrrtUlb- 

up procedure (5-8-1) gsve unreacced nl t rcsamlne (u.lb b )  ul 

the  a c i d i c  f r a c t i o n  and tne  m s i c  ma te r i a r  ( 3 . 0 4  ;). 

A portion of the bas ic  m a t e r i a l  (0.42 6) was cruool- 

atographed on bas ic  alumina ( 5 0  g ) ,  e i u t l n e ;  I 'lrst w i t u  G n 2 G i : ,  .- 

an impurity (0.03 g )  from t n e  CHCL3 used m wasnlnd ~ u c  n w  

samples : Ir 29b0, 2860, 1743. d u t e d  w i t h  l p  hewn - C h 2 G i 2  

was --nitrate 26-7 : 0.07 g ;  Ir 2940, 2003, 21yd, la&, 

14-50, 1275, 8b0: nmr T 5.25 (1 H ,  dcid, J = 13, b anu 2 ) ,  

6.80 ( 1 H ,  bd, J = 6 . 5 ) ,  7.0-7.6 ( z H ,  a), 7.53 ( 3 n ,  s ) ,  

7.6-8.8 (7 H, a); ms (75') 186 (n+ , 01, 140 (is), 130 Wd, 

124 ( 7 1 ,  96 (211, 82 (1001, 5 8  (4.31, 55 ( 2 9 1 ,  42 k571, 4i c > y ) .  

The next t h ree  f r a c t i o n s  (0.18 g), e l u t e d  with 1-33 heOH - 
CH2C12 contained aminoketone 28-3 ( v i d e  sukra,  5-9-l), witn 



a minor amount of n i t r a t e .  U i u t e d  with 10-593 ~ e u d  - Cd2ciZ 

was e x - a l c o h c l  27-1 : Q.1 g; ir  3353 (b), L y 4 d ,  200d, L'I93, 

1450, 1005; nmr 6.10 (1 H, b t ,  J = 51, 6.5  (1 u,  8, UZU 

exch) ,  6.9-7.4 ( 3  H ,  a), 7.50 ( 3  H, s ) ,  7.51-8.7 ( 7  n, u ) ;  

+ ma 141 (PI , 18), 96 (lj), 82 ( l o o ) ,  42 (15). Jones'  cx iu -  

a t l c n  of E-alcohol 27-1 gave xe tone 26-3 ( 53$), wnlcn coa- 

pared wi th  t h e  previcus ly  prekared sanble  (5-4-1). 'A'ne y i e l a s  

~f ter chrcmtography,  based on reac ted  n f t r c s a u u m  (0 .82  d ) ,  

were 15$ endo-ni t ra te  2b-1,  31% ~etone 26-3 and 20,b exo-  

a lcoho l  27-1. The y i e l d s ,  estimated from crle nmr skectrun 

of the  crude bas ic  f r a c t i o n ,  were 1Jk, 35,h and 4j$ reskec- 

t i v e l y .  

The f r  absorp t ion  (1620 cm-lj cf' endc-ni t race &-A 

was n o t  significantly decreased r e l a ~ i v e  Lo cnaL G I  ~ e t o ~ z e  

28-3 when a mixture (1 : 1.6 r a t i o  ) was exaruinea elcrier 

a f t e r  s to rage  f o r  2 mcnths (25O), o r  ar t e r  belug stlrrea 

with O,j& H C 1  f o r  21 hcurs  a t  25'. Keaction wicn 0.7h itaun 

s o l u t i o n  f o r  21 hours oaused a decrease  i n  nlcrabe peali 

r e l a t i v e  t o  t h e  ketone yeaK ( i r  r a t i o  1:2.2), hwo-nicrace  

26-3 was r e l ~ t i v e i y  s t a b l e  i n  pyr ld ine ,  b u t  aecowposeu more - 
wnen t r e a t e d  w i t h  5M NaOH f o r  1.5 nours cc g i v e  a 1:3 r a t i o  

of n i t r a t e  t o  ketone i r  a b s c r ~ t i o n  intensities. Lieactla 

of E-alconol 27-1 f o r  0.75 hcurs  w i t h  concent ra ted  &i>- I 
(0.25 ml) Ln concentrssed H2S04 (0.6 ml) (170), ~'cl iowed 

by b a s i f i c a t i o n  and e x t r a c t i o n ,  gave an impure n i t r a c e  : 

i r  1720 (w), 1620, 1275, 860. This  prodact snowed a Aetone 



t o  n i t r a t ; e  r a t i o  of the i r  k e a a  of 1:L2 al 'cer 2 ~ 1  ncdrs ac 

25', and a f t e r  2 months t h e  r a t i o  was 3:le 

LAH (0 .8  g )  r e d u c t i o n  f o r  28 hours 01 me oas i c  r e -  

s idue  (0 .21  g )  i n  e t h e r  a t  25O, fol lowed by remcvai 01 Lne 

~ c l v e n t  through a Vigreaux column gave a mixture or elldo 

and c&-alcohols 26-1 and 27-1 ( v i d e  s u k r a )  in tile ratlo 

of 1:1.25. A Jones' c x i d a t i o n  of this mixture (0.05Y g) 

produced ketone 28-3 (0'.032 g ,  5516). 

A c o n t r c l  p h o t o l y s i s  cf n i t rosamine  19-2 (0 .75 g), 

without  acid,  i n  k e O H  (220 nil) (Apparatus  1, I r Z ,  230 h ,  

Nonex f i l t e r )  showed no decrease in  tne  340 na a o s o r 2 t i o n  

a f t e r  3.5 hours ,  The add ic ion  01' 0.2 equ iva ie r r l ;~  or con- 

oen t r a  t ed  H C 1 ,  and i r r a d i a . t i o n  f o r  2 l lGurs ulore, causeu 

< 10% dec rease  i n  t h e  uv absor&cion.  89)~ or n i ~ r o s a m i n e  

19-2 ( v i d e  sup ra )  was recovered.  , 

( b )  Nitrosatnine 19-2 ( 3  g ,  O.i)lg mcles) in  P!eUd 

(220 m l )  c o n t a i n i n g  70% HClU4 ( 3  m l ,  0.02 moles) was m o t o -  

lyzed  f'cr 4.5 hours (Akyaratus 1, 02, 200 W, luonex l ' i i ter-,  

then t h e  s o l v e n t  was evaporated.  A 1 1  a t te rnhts  cc c r y s t a i ~ i z e  

p e r c h l o r a t e  s a l t s  from a v a r i e t y  ot' s o l v e n t s  failed. 

The p n o t o l y s a t e  r e s i d u e  was a l s s o l v e d  in Denzene, 

washed s e v e r a l  times with dilute a c l a ,  ana  tne oenzene ev- 

apora t ed .  l'he r e s i d u e  o b t ~ i r l e d  was s e p a r a t e d  i n t o  a c i a i c /  

n e u t r a l  m a t e r i a l  (0.18 g) and a basic f r a c t i o n  (0.18 g ) .  2ne 

former , was , l a r g e l y  n i  trosamine 19-2, w i t h  k k s t i c i z e r  a m  two 

minor components also p r e s e n t .  Tne b a s l c  f r a c t i o n  was com- 



prised o f  u - a l c c h o l  27-1 ( v i d e  sugra j .  

The acid wannes from above were uasil'led anu exLraetea 

with benzene t o  g i v e  a res idue  (1.53 8). r ' u r t n e r  e x t r a c t i c n  

of t ne  aqueous ynase witn CHZCIZ ana evaporaticn gave a 

mixture, which was separaLed intc ether s ~ l u ~ l e  ana C d 2 C ~ 2  

soluble  compounds. The ether  s o l u b l e  ma te r i a i  (Q.il g )  was 

known compound. The CH2C12 soluble f r a c t i o n  was shown d o  

contain the HC1 salt of endo-alccnoi 2u-1 : i r  5309 ( D )  

3050 (b ,m) ,  2950, 2880, 2005; (w), 1 4 5 0 ,  ~13u (u); nLir (Q2L)  

7 6.3 (1 H, m), 6.5-6.8 ( 2  h ,  a), 6.68 ( 3  n, si, 7.4-7.y 

( 5  E, m ) ,  8.05-8.6 (3H, 0 1 ) ;  ms (17d0) 141 (iur +,  2 ~ ) ,  9') ( L C , , ,  

96 ( 3 7 ) ,  52 ( l o o ) ,  55 ( l l ) ,  42 ( 2 ~ ) .  Jcnes' o x l t i a u ~ r i  b~ 

this salt gave ketcne 28-3 (j0$, v i a e  sukra) .  

'the major bas ic  f r a c t i o n ,  o b b a b e a  aoove, r~as crcrcm- 

atographnd on n e u t r a l  aiumina ( 7 0  g ) .  C h Z C l 2  e l u t l o i i  ,sve 

o r  netono (1720 om-') y e a m .  Next e l u t e d  w l u l  i p  R e u H  - IJn2C12 

was s fractlcn (0.49 g) wltn  endo-nicrate 2 0 - i  (vise L;uhra)  

as the  major coqmnent.  C o n L i n u l ~  w i t k r  tne  saue e l u t a n t  

gave a mixture  ( 0 . 3  g )  of' r d t r a t e  20-3 and detone 2$-i. 

Uning 2% MeOH - CH2C12, a aiixture (5.16 g )  of n l c r a t e ,  xeLone 

find alcohol  27-1 were obtainea. The rernalnir& ~ ' ~ H O C A O I A S  

I alcohcl  27-1 ( v i d e  supra) .  Recnromatograyhy of m e  f racclons 



f r a c t i o n  (0 .08  g) of e n d o - n i t r a t e  _20-1, e i u L e a  W A I A  ;)jb 

MeOH - CH2C12. 'l'kle f rac t ions  bel'cre arid a1 t e r  L I U S  , r ~ ~ ~ ~  c 

contaiged mix tu r e s  of n i t r a t e ,  xecane,  a l c o n c l  wid w r & c  

appeared t o  be  d e c o r n ~ o s i t l o n  prcduc ts ,  as s m w n  uy t n e  

o l e f l n l c  p ro ton  signals i n  tne  nrnr syeccr t i .  

The t o t a l  y i e l d s  01' the v a r l c u s  i . r O d d c t S  were t 7 . j  , 
of neutral o r  decomyosi t i m  p-ouuc t s ,  endo-ni t r a c e  266'~ 

(0.55 g ,  lr,$), ke tone  28-'j (0.3 g, IG), e - a i c o f i o l  27-i 

( 0 . 8  p; ,  29$) ,  and  t h e  h y d r o c h l o r i a e  salt of e n d ~ - a l c c & w ~  

26-1 (0.3 g, 9 5 ) .  

5-14-2 I ' h o t o l y s i s  of  19-2 i n  t h e  k ~ * e s e i i c e  cl d r C C 1 3  
-- - 

l i i t r o samlne  19-2 (0.95 t;, b wcles  ) a m  C C . I ~ C ~ L ~ L ' & L ~ L ~  

HC1 (1.7 m l )  i n  a n l x t u r e  of BrCC13 142 m i ,  1 ~ 3  g )  mu 

MeOH (170 ml) were photo lyzed  i ' o r  3 nourbs (wgk&r8acus 1, 

200 W ,  Ncnex f i l t e r ,  A f t e r  r e a ~ o v a l  ct '  tnt: s c l v e n t  t ruz+,r i  

R Vigreaux column, tne residue was se,&raced inco aclalc/ 

n q u t r a l  amter id l l  (0.12 g )  and  basic macerlal (O.oy g )  in 

the u s u a l  faehion (5-8-1). 'I'he d l s t l l i e a  s o i v e m  m u  a 

light b l u e  c c l o r  which c l i sapyeared a t t e r  2 wems cr rerrl,- 

era ted s t o r a g e .  

The basic residue co ncu ined  one m j o r  ccnrpouriu 

( > 9S$, rr?tent l .cn time 12.9 min. ) a'na a minor co.+Gnent 

( r e t e n t i o n  time 8.7 min. ) when examined by g c  (i35'). Pne 

major product a l s o  showed one peaK In &rogrammed te;nLerabure 



gc and was i d e n t i t ' i e ~  as endq-bru~maalnt; - 26-5: >;$ y l e i u ;  

l r  2940, 2860, 2840, 2780, 1430, 7 6 5  ( u ) ;  nrnr T 5.yb 

(1 H, ddd, J = 9 ,  7.5 and l.j), 6.75-7.2 ( 2  H ,  m),  7.47 

( 3  A ,  a) ,  7.4-8.7 ( 8 H ,  m ) ;  as 265 ( B r  " , 221, 1 3 3  ( a e  a r 7 ~  , 
221,  124 (56), 82 (10.0), 42 (27) .  

'Ir H m s  at h*r79 : Calcd f o r  CdHl4HBr , L Q ~ . ~ J ; ~ .  

Pound, 233.0j04. 

Hrms at m/e = 82 : Calcd f o r  G~LI-, U. i )o>/  

Found , 82.3dt8. 

The a c i d l c / n e u t r a l  f r a c t i o n  was comyosea 01' 5 ~ r i n -  

cl;)aal compounds by gc a n a l y s i s  (12a0) ,  wi tn  one ina jor coa- 

ponent (&$, 2.3 min.). A minor peal.c wiCn the s a w  r e c e n t l a  

tlme was seen i n  the  gc  01' tne a i s c i l l e d  so lven t .  'A'nls 

compound was t e n t a t i v e l y  assigned as t n e  cr icnLcr80n~ crosc- 

me thy1 monomer wnich forms d icniorof  o rmyl  ~ L ~ L E  (z) : 

1r 3200 (b), 985; gc-as 115 (C1 ~5 35,37 J ~j), ilj ( G I 2  , &), 

98 (111, 9 6  ( l j ) ,  80 (46),  79 ( 3 5 1 ,  16 ( l ~ d ) ,  77 (74), 

, 63 (ll), 61 (301, 47 (13), 43 ( ~ 2 ) .  k'ne next ~ a r g e s c  pea* 

(19%) In t h e  gc of the a c i d i c  f r a c t i o n  apyearea GO be or a 

compound con ta in ing  two c n l o r i n e s  ana a oromine l r o u  the 

gc-ma pattern: 189 (51, 187 (101, 185 (61, 159 ( ~ 2 ) ~  157 (LOO), 



5-14-3 Pho to lys i s  01' 19-3. i n  che hlresence ol'  l2 

IJitrosamine 19-2 (1 .b  g ,  .Lll moles),  coilce~sLraceG 

HC1 (2 .6  m l ) ,  and iodine  (2.6 g, 9.dl.d moles )  were utsso~vea 

in MeOH (220 m l )  and i r r a d i a t e d  f o r  12 nours  jAyh,ara tds  I ,  

N2, 200 W, Nonex f i l t e r ) .  The iodine  sbficrpt icn was ca .  

100 time g r e a t e r  tnan that of t h e  n lc rosan ine  a c  j45 na. 

During t h e  pho to lgs i s ,  a l i q u o t s  were removed and sodium 

thlosulfate added t o  cance l  the  iodirle. LW s p c t r a  

showed no decrease  i n  the  ni t rosamine y e u .  A l t e r  J i o t o l y -  

s i s ,  tne iodine  was r e a c t e d  wltn soa iua  t r ~ i o s u l t ' a t e  aua trie 

solvent  evaporated,  ' the r e s idue  was su-uara Led i n t o  cne 

a c i d i c / n e u t r a l  ma te r i e l  (1.69 g )  and tne bas ic  w c e r l a l  

(0.096 g). 

The bas ic  f ' r a c t i o n  was found Lo oe t r i rua r l ly  ~julf 'ur  

( M +  = 256)  wi th  a small amount ot '  paren t  a n b e  1 4 - 1  (ca. 3.02 

g) . Tne neutral f r a o  t ion  was cnromatograpneci on ueuLral 

alumina (30  g ) .  The f i r s t  f r a c t i o n  (0.73 g) e l u t e a  witn 

benzene contained s u l f u r  (yellow s o l i a ,  PA* = 23") arid a 

oompound ass igned as  cnloroiodonitrosamine,  e i t n e r  j7-1 

6.38 (0.6 H,  s), 6.57 (0.4,  bd, J 6.31, 7.07 (2.4 h, a ) ,  



74 (58) ,  73 (75), 44 ( 7 9 ) ,  42 (y2). Tnis fract ion coc ta lnea  

0 s .  20% nicrosamine as juclaed by m e  nmr 8idnai a L 

7 4.25. Tne next frcction (0.15 g )  conta ined  a d x t u l a e  ox 

nitrcsarnine 19-2 and nLtrcsaadnes 57-1 o r  j 7 - L ,  ' h e  i racc ior ,  

( 0 .O7 g )  , e l u t e d  wLtn 10% CH2C12 - C6H6, concairled LY-2 ( viae 

suyr~). The remqinlng mate r i a l  (9.32 g ) ,  e l u ~ e c l  W A L U  0-5;0 

MoOH - CHZC12, c o n s i s t e d  of' a mixture (ca. l:3 r i l r ~ o )  G I  LY-d 

and an u n i d e n t i f i e d  Cornpcund C : ir 340d ( b , w ) ,  JJLU (w), 

2930, 2830 (sh), 1450, 1430, 133d, 1180, 114JJ (a); 

nmr T 5.4 (m, W* = 81, 5.45 ( d ,  J = 7) ,  b.2 ( 6 1 ,  o.jb t m ~ ,  

6.95 ( s ) ,  7.5-8.9 (m); ms (90 ' )  295 (31, 232 (41, 3 (251,  

125 ( 3 3 1 ,  124 (251, ill (131, 93 (561, 8; \71J, b3 U b G J I  

79 (751, 44 (71). 

Nitrosamine 19-2 was stirred An t~edki r 'or 3 asurs m 

t h e  dark with similar concentr-eticns or  BC1 anu iouine, and 

worked up i n  t h e  same manner as above. 'I'm nrnr or tne cradue 

residue showed ca. 20$ yield of the products givi lu  rise 

t o  the  75.4 siggal. 

5-15 Photolysis 01' N-Nitroso-lu-metnyi~nenecnrlamine 
f 20-2) 

Amine 20-1 (27 g, 0.2 moles) was nltrosaced wlcn - 
N a N 0 2  (18 g, 0.26 moles) according t o  rvetnoa 3-5-la, a m  Lae 

product distilled at l47-148'/ 12 m u  t o  &ve a r t r o s a d u i e  



1oLk0, 750, 700; nmr 72.45 ( 5  H, s, d k  = 3 ) ,  5.132 (1.66 n ,  

dt, J = 7.5 and 2 ) ;  uv ( €  i n  H C 1  - iVie~H) 343 (116). 3 r ~ u  

t he  r a t i o  of tke s i n g l e t s  a t  I- 6.62 alld 7.21, was L - l ~ o n i e r .  

5-15-1 P h o t o l y s i s  i n  Iwthanol  

A FieOH s o l u t i o n  (250  m) of nl t r~sarume (4.1 ,, 
0.025 moles)  and c o n c e n t r a t e d  nC1 (4.5 m l ,  a.954 ~ ~ O I B S )  vlas 

photolyzed f o r  5 nours .  (Akparatus  I l l ,  ~ 2 ,  358 nQ l a m k s ,  

pyrex). S o l i d  ka2W3 (2 .7  g ,  0.025 moles) was aaaea ana m e  

mixture w ~ a  s t i r r e d .  A f t e r  e v a p r a t i o n  ot' trle so lvenc ,  crie 

bu1.k of t h e  r e s i d u a  was talcen up I n  e t h e r . .  hvapora t lon  cr 

t h e  ather gave a mixture  ( 2 . 7 5  g); a or' ~111s u u x t ~ u . e  

(0.49 g )  was separated,  lint0 acidic/neiitral corn;.oul~cls ( 9  . i L  

and b a s i c  compounds (0 .32  g). 

The e t n e r  so lub le  comyounds ( 2  g )  were cnromaLograbnea 

on s i l i c i o  a c i d  ( 4 0  g). The f i r s t  x'ractions (0.07 g), e i u t e u  

w i th  CH2C12,  contained benzaldenyde ( B A )  : gc (140') 1.7 .In. ; 

(1 H, s ) ,  2.1-2.8 ( 5  H, m). Yurtner  elution with CB2C12 

gave a f r a c t i o n  (0 .1  g )  whicn c o n t a i n e d  n i  trosarulrle 20-z 

(go 13 m i n . ,  oa. 2 0 % ) ~  and an u n s t a b l e  corupouna i) ; gc 4.d 

min.; ir 3350 (b), 3060,  3025, 2 9 3 0 ,  2830, 1450, 11La, LooQ, 

745 B 695; nmr 7 2.9 ( 5  H, m),  5.46 (1 8, t, J = 51, b.70 



Z i t ,  

ccmpound by p r e p a r a t i v e  t l c  o r  p r e ~ ~ a r e  t l v e  kc f ' a l l eu .  

An e q u a l  mixture (0.15 g) cf' corubounu i, (&c 4.6 ruin.) 

and benzaldehyde cxime (BAO, gc 4 .2  mln.) wat; e l u c e d  1ie::c 

with CH2C12,  follou:+a by f r a c t i o n s  (0.1 &)  e ~ u L a u  wrtn 0-O.)p 

B t o ~  - CH ~1 oonta in ing  BAO : ir j330 (b), j u d ,  j c ~ j ; ,  2 2 
29W, 2P80, 1670 ( b , w ) ,  1600, 1450, i l y i ) ,  943, '153, b<lij; 

nmr r -0.98 (1 H ,  s,  U20 excn) ,  1.64 (1 H ,  2*>5-:*9 

(5 H, m) . The f r a c t i o n s  60.08 g )  e i u t e d  w i t ~ i  2) a t u n  - C r i ~ i i  2 

contained a n i x t u r e  of BAO (nmr I- 1.84) aim amicloxl~l~e n u  

T 6.5 ( R ) ,  7.4 (s) . i l u t i o n  wicn  z-iSr h t u ~ i  - C - I ~ G L ~  

gave crude (0.62 g ) ,  wnich was purllied by recl~cmatogr8,~ny 

on s l l i c i c  acid  (10 g )  and c r y s t a l l i z a t i c n  rraorr, etayl acetate  

t o  g i v e  amidoxinre : m a y .  H Z - W ~ ;  ir .3400 i b ) ,  j 2 v 0  l u i ,  

3050, 3025, 2940, 2850, 1650 (D), l b j c ) ,  ib3G i m ) ,  A Q Y ~ J ,  15'75, 

9 6 5 ,  715; nmr T 0.5 (1 H ,  b ,  D20 excn) ,  2.b2 ( 5  h, s ) ,  b . k 3  

(2 H ,  81,  7.40 ( 3  H, e l ;  ms (90') 164 01' , db), 147 (451, 

1 3 2  ( 18 ) ,  117 (181, 106 ( 1 4 ) ,  91 ( l O i ) ) ,  73 ( 2 a ) ,  b j  ( 2 ~ 1 ,  

56 ( 4 1 ) ,  39 (14) .  

Hrms a t  PI + : Calcd f c r  C y ; l l ~ h $  , lok.w>O 

Found, 1~4.0952. 

H r s m  a t  m/e - 106 : Cald t ' c r  CyH&g , 1 0 0 . 0 o ~ o  

Pound, 106.064$. 

E lu ted  w l t h  20-50% E t O H  - Cki2C12 was a mixture (0.26 ,1 

w n i o h  showed gc peaks c o ~ r e s p o n d i ~  t o  pnenecr~yAaniine (> -1, 

3 . 2  min. , 20%) and parent  ~irnlne 20-1 ( 3  .y mln. , d0;p). Lext 



( nnd r! oomyound wicn a peaK c o r ~ * e u p n a i a  LO amlne 2 ~ - L  

( g c  3.2 min., 15;s). 

Tht  t o t a l  y i e l d s  of the products ,  baded on tne awunt 

of s t a r t i n g  n i t rcsamlne ,  were ni t rosani r ie  213-2 ( l ,~ ) ,  bA (4;0), 

BAO ( 13@, amidoxime 2 ( 2&), parent auine 23-1 (ld>), 

and t e n t a t i v e l y  ass igned aniine 39-1 ( 3 % ) .  

5-15-2 Photo lys i s  i n  Acet ic  A c i d  

( a )  Nltrosanrlne 20-2 (4.1 g ,  0 . 0 2 ~  mo les )  u s -  
, 
! 
i solved i n  a 1 M H2S04 - HOAc scluticn was khocolyzeu f o r  

6 hours ( ~ p p a r a t u s  III, N2 , 350 nm lambs, ,yrex). rrle uv 

spectrum snowed a 330 nm pea& ( c =u0), wnicn Decahe cbscu~.reu 

by a product absorb&%. below 3 O i )  na. Water (400 ml) was 

added, and the s o l u t i o n  brought t o  p H 8  wltn ~ a $ ? .  htner 

e x t r ~ c t i o n  gave a mixture (2.5 g)  whicn, by wi+arlscn W L L K A  

standard compounds in the go (l35'), c o n t a i ~ l e d  ali (1.7 ah., 

la$), parent amlne 20-1 (3.8 mln., 1$),  U O  (4.2 aln., li>;a), 



and ni t rcsamine  20-& (13 min., b 0 $ ) .  h x ~ r a c t i c n  CI' tfle 

aqueous solutlon a t  pH 11 gave a n ~ i x t u r e  (0.13 p ; )  G I  an~i.e 

59-1 ( 6 6 % ) ,  amine 20-1 (24%) and nltrosaminc 20-1 (6i;o), as  

analyzed by gc. 

The aqueous l a y e r  was evakoraceu ZLM r e s i a u e  

t n  ken UL i n  CH,C12 t o  give s f r a c t i o n  [ 0.12 e;;  ir 3 3 0 3  t o ) ,  
L 

3050 (m), 2929, 2830, 1720, 1680 ( b ) ,  1450 ( b ) ,  by51 wnlcn 

gc ind ica ted  c o n s i s t e d  o f  BA (20%), BAG ( 1 9 ~ 1 ,  nitrcsaui iae 

20-2 (lrs), and a major product ( 5 0 % )  wlcn a reterrtion t m e  - 
corresponding t o  phenylacetaldehyde (PA, 1 .8   in. 1. 

Tre~tment of a por t ion  ( 0 . 6 6  g ) cf cne ruajor basic 

extract wi th  2,  4 - DNPH gave the benzaidenyde 2, 4-dini tro-  

phenylhydr~izona : 0.21 g; Cry3Lallized from 95% LtOti, m.,. 

2 3 5 - ~ 3 7 ~  ( l i t e r a t u r e  237O) (215). 

R e p e t i t i v e  s i l i c l c  a c i d  c h r c m t o g r a t n y  c l  cne ma jcr* 

bas ic  f r a c t i o n ,  followed by p r e p ~ r a t i v e  tlc fai lea t o  l s c l a t e  

the  minor products  ( < 2% y i e l d s ) ,  b u ~  m e r e  wag no gc heax 

corresponding to lf-methylindoline (61, 4.8 inin. ) i r ~  any 01 

the f r ~ c t i o n s .  The o v e r a l l  ~ ~ r o a u c t  y i e l d s ,  ontainea I'rm 

the go of the  f r a c t i o n s ,  were BA (i8$), BkO ( Y p ) ,  karent 

amine 20-1 (2$), nitrosamine 20-2 (3710') and tile kroducts  

assigned as amine 59-1' ( 396) and pnenylace taluetiycle ( L>) .  

( b )  Nitrosamine 20-z ( 2  g, 0.012 moles) in acetic 

a o i d  (230 ml) ccn ta in ing  concent ra tea  HC1 ( 2 . 2  a1, 0.02b uoiesj 

was photolyzed f o r  4.5 hours ( ~ ~ ~ a r a t u s  A ,  h a ,  209 W, pyrex). 

The a c e t i c  a o i d  was evaporaLed and d i l u c e  ac id  (jO al) was 



added t o  the res idue .  E x t r a c t i o n  w l c n  C d 2 C 1 2  have a Uxcu-e  

( 0.8 K ) ,  N a  CO was auded until tne  pH = 9 ,  W 2 c l L  ex- 2 3 
t r a c t i o n  gave a re s idue  (E.02 g) .  he t l c ,  ir  a r ~ u  nnr skec tra 

of both f r a c t i o n s  were similar, e x c e ~ t  i o r  nicrusaruine 

20-2 laresent i n  t h e  a c i d i c  e x t r a c t  [ c a .  15% as Jdwea DJ - 
nmr, T 5.82 ( t )  1 . 

Tne b a s i c  f r a c t i o n  W ~ B  chrornatcgra@eu cn neutrai 

alumina ( 6 5  g). Yhe f i r s t  four  f ' rac t lons  ( 0 . 3  g ) ,  eidtea 

witn 0-0.3% MeOH - CH2C12, were a mixcure oi 1 . c ~  c o ~ ~ o u r ~ u s  

by t l c  : ir 3060, 3930, 2930, 28W, 1655, ib30 (sn), L>yfi ,  

750 ( s h ) ,  740, 700; nmr T 2.75 (a, k$ = c j ) ,  6.1 (a), 6.5 (a), 

7.0-7.15 (m). The nex t  compound (0 .21 g )  e l u t e d  wltn 0.3- 

1.5% fieog - Ch2C12 was Iden t i l ' i ed  as  a - f o r m y l ~ h e ~ ~ e t n y l a o l k ~ e  

- 3300 (b), 3060, 3030,  2930, 2870, l m O ,  1530 (a), ( 5 9 - 2 )  . 
1385, 745, 700; nmr T 2.04 (1 H, a,  J = 2 ) ,  2.85 ( 5  h, s, 

~b = 41, 6.61 ( 2  H, q u i n t e t ,  J = 7 , c o l l a k s e s  on L ) ~ U  excnar,e) , 

7.25 ( 2  H, t ,  J = 7 ) ;  as ( B o o )  149 ( P A + ,  21) ,  1 ~ 2  ( b ) ,  AS> 

( 3 6 ) ,  104 ( l o o ) ,  91  (461, 77 (271, 72 (171, 58 t . ~ u ) ,  h4 (17). 

The s p e c t r a  were i d e n t i c a l  wit;n i'ormamlcle 59-2 ( ~ . 6  & )  pre- 

pared by r e f l u x i n g  yhenethylarnhe (0.7 ,;) l r ~ l  tn lormic a c ~ u  

(5 ml) for 36  nours (174).  

Next e l u t e d  w i t h  1.5% PleOH - CHZC12 was a mixture 

(0.07 g )  of 59-2 and BAO, followed by a xracc lon  (0.1 6 1  

conta in ing  BAO (vide supra). Wltn 3-53 keUh - CH2UlL as 
the  e l u t a n t ,  another  mixture (0 .09  g )  was oucalned, a m  it 

exh ib i t ed  a s t rong  singlet a t  T 2.75 i n  trw nnw speccruru. 



F i n n l l y  e lu ted  w i t h  5-i0i)$ illeCH was kare i~ t  urrrine 23-1 (cl.) E ; ,  

vide supra ) .  None of tne n ~ l x t u r e s  exn lu i t ed  a ccmrlex n u  

pattern i n  t n e  r e g i o n  of T 2.y-38. 

As~uminy the a c i d i c  exc rac t  o n l y  d i l ' i e red  rrorn c t e  

b a s i c  e x t r a c t  by con ta in ing  n i t r o s a d l n e  LO-L,  tie e s t l m c e a  

j,roduc t y i e l d s  were r l i  trosamine 2G-2 ( b ) ~ ) ,  dACl ( li p )  , 1 G~U- 

nrnlde 59-2 (19%) and parent  a u m e  ( 3 9 ~ ) .  

5-1 6 I n  te rconvers ion  01' Benzaldenyde -ma b e u z a l d e n y a e  
Oxime 

5-16-1 H2S04 i n  Acet ic  Acid 

The r e a c t a n t s  were d isso lved  in a s o l u t l c n  o t  1 i*. 

H2S04 In a c e t i c  ac id .  Following the r e a c  t i o n  ,erli;d, m e  

s c l u t i o n  was t r e a t e d  w i t h  2N N a O H  and e x t r a c t e d  vritn eEfier. 

Annlynls by go (110') f o r  BA and BkO gave tme resui ts  sncwn. 

( a )  BAO (1.2 g )  WRS s t i r r e a  In the a c i d  s o l u c ~ c n  

&5 ml) f o r  1 2  hours i n  the dark. After e x t r a c t l c n  a c  =h u, 

the gc showed BA ( 3 $ ) ,  BAO ( 9 6 % )  and a peax cor reskoaa in~ ,  

t c  the r e t e n t i o n  t m e  of b e n z o n i t r i l e  (13). b e l l z o r l i t r l l e  

was shown i n  a separate experimellc t o  be u n c m b e d .  under 

t h e m  ccnd i t ions ,  a l thougn benzarnide dia rloc g ive  a gc 

under the a n a l y s i s  condibions.  

S lml la r  y l e l d s  (f 1s) were obta ined  wlren L d  xras ex- 

t r ~ c t e d  at pH 11, o r  photolyzed f o r  2 n o u r s  In 2yrex Apyar- 

atus 111 (N2 , 350 nm lamps), o r  s t i r r e d  in tne darh witn 

0.8 equivlf t lant~ of N-ni trosodimetnylamine (hi) iY) .  



( b )  dAO (0 .6  y) and N i l h  ( 3 . )  In w e  acic 

s o l u t l c n  ( 9  m l )  were pnotolyzeu l 'or  2 nours (ca.  iQz h ~ r ,  

d e c c m p o ~ i t i c n )  i n  pyrex Apparatus ill (h2, 353 nn l aqs) .  

The gc ~ n a l y s i s  shcwea bA ( 9 3 )  and BAC (916). 

( c )  Bk (0.4 g) and AUlY ( 0 . 2 8  & )  w s l D e  sclrrea lc 

the  s c l u t i c n  ( 1 0  m l )  f o r  1 2  h o u r s  I n  cne darli. z&.'vr.acii,:; 

n t  ~ J H  4, m d  gc a n a l y s i s  snowed iJA ( 94 .p )  a m  dhir f UBJ. bri 

and N d O Z  under t h e  sane oond i t lons  gave only i3A. 

(d) BA (0.38 J) and FJUI! ( 0 . 2 j  d )  were sriirred t o r  

1 2  hcurs in the da rk ,  tnen  i;hotoiyZed in pyrex k l~paracus  XI1 

f o r  2.5 hcurs ( c n .  10-15s decrease  in d U r  2eak a: 333  nu, 

N2, 350 nm lamps). Ex t rac t ion  a t  pH6 ana gc aanaiysis sncwea 

only BA. 

( e )  When the so lven t  of a PieVH soiucion (fri; ml) 

of l3A (0.1 g) w t l s  removed on tne r*otary evapcrator 4 b ; ~  y i e i c l  

cf Rf? w p s  obtained. Tne y i e l d  ot 2B was ~ 8 5 3  wr&n ecner 

w s ~  u6ed as a solvent .  

Crude BAO (1 .2  g, 0.01 mole), cor, ta~nl. . r t  > p  bA, and, 

NDPl (1.5 g, 0.02 moles) were p h o ~ o l y z e d  i n  l i ~ e O H  (id0 ml) 

I containing concentrated H C1 ( 3  rnl, 0.036 raoles) r'cr 7 tiouras 

(Apparatus 1, h2, 200 W, Nonex f i l t e r )  uncr; w e  uv abscrr- 

tlon at 345 nm h.ad decreased 803. E v a p o r i i t ~ v n  cr' Lne sclve:lc, 

i b a s l f l c a t i o n  and CHZCl2 e x t r a c t i o n ,  gave a r e s idue  ( l e d  6 )  

i n  wnlch gc a n a l y s i s  indicated that the dA kead nud increases 



25s w h i l e  the i)AU 1:ealc had decreased 5iJ;d, relat~ke GO ar i  

i n t e r m 1  s tandara.  

A c o n t r o l  r e a c t i o n ,  s t i r r e d  in  t n e  daric a c  aO, snoweu 

a 5% increase  i n  the BA peak a f t e r  a s l n i l a r  wcrd uk. 

To a mix tu re  01' 5% soaium n y y o c n l ~ r l c e  s b l u t l c n  jbi ;dl 

water ( 80  m l ) ,  and e t n e r  (100 m l )  a t  0' was auaed a s o l u c ~ o r i  

of' ~ m i n e  20-1 (17  g, 0.125 moles) i n  d i l u t e  Wl (4a ml). 

The mixture was shirred f o r  i5 mlnutes, the e t n e r  l a y e r  

separated,  and t h e  aqueous l a y e r  ex t racced  d i t r ~  e t n e r .  'l'ne 

ccmbined e x t r a c t s  were evaporated t o  g i v e  cnloramlne 20-1 : 

3 g ,  0.02 moles, 14%; i r  3085 (m), 3060, 3050 ,  2950, ZiJoQ, 

1600 ( m ) ,  1450, 1435, 745, 695; nmr T 2.95 ( 5  h, d, 7.10 

( 4  H ,  m),  7.24 ( 3  H, s). 

5-1.7-1 React ion w i  t;h Ferrous S u ~ l ' a t e  

Cnloramine 20-3 (0.7 y ,  4 mricles) was s t l r r e a  in a 

s o l u t i o n  of  1 k H7S04 - in  a c e t i c  a c i d  ( ~ i )  m l )  as 25c, am 

hydrated f e r r o u s  s u l f a a t e  ( ~ e ; i r ; ~ * ?  H20, 1.4 &, 5 m l a s )  was 

added. After  1 0  mlnu tes ,  the  s o l u t l c n  was excraccecl wlcn 

petroleum e t h e r  ( 60-1109. Evaporation gave a r r acc ion  (u. 26 & 1  

whicn contained ca. 20s non-vo la t i l e  a a t e r l a l  i ' rcu cne 

petroleum e t h e r  [nmr T 3.0 ( m ) ,  7.75 l a ) ,  8.78 ( s ) ,  4 . i j  (uA,] , 
i d e n t i c a l  wi th  the  r e s i d u e  obtained from evaLorat isr i  oi' pet- 

roleum e t h e r ,  The aqueous s o l u t i o n  was bas i l ' i ed  cc hH 8, 
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and e x t r a c t e d  with ~ ~ e t r s l c u m  e t n e r  t o  g i v e  a i i ~ i ~ c i u 8 e  (3.1',, 61,  

containing che ~~et ro lcurn  ether l n v c l l a t l ~ e s  (ca. 23,b). 

The n e u t r a l  f r a c t i o n  was chrcmaLc&rayheu cn s l i i c i c  

ac id  (10 g). b ' i r s t  e l u t ed  w i t h  CH2G12 was berrzyl c h l o r i d e  

(BC) : 0.08 g ,  gc ( 1 3 0 ~ )  2.4 rain.; ir j o y 0  (a), jdo5, j c4d ,  

29 0 5 ,  1600, 1450, 1270, 700, 680; n u  7 2.74 \ >  a, s), 4 -32  

( 2  H ,  s ) ;  i d e n t i c a l  wi th  a n a u t h e n t i c  s a q l e .  A rlllxture or 

BC and Rqueous a c e t i c  a c i d  when evakoraced on the r o t a r y  

evaporetor  gave -10% reccvery of BC. 'I'rle r e n ~ a l n i ~  aiterlal  

0 , e l u t e d  from trio column w i t h  O-5ub x e U H  - C i i Z ~ i Z ,  

hnd ~c L e a K s  cor res londlng  t o  tne  petroleum e tne r  reslu;e 

(1.8 min. r#aJor, Ir 1740). 

Gc a n a l y s i s  of the  b a d c  e x t r a c t  sncwea L l m  w j o r  

c o m ~ ~ n e n t  t o  be w i n e  20-1 : do&, 5 mln,; nmr 7 2 . y b  (s), 

7.26 ( s ) ,  7.78 (6). ' h e  aqueous pnam was fur tner  e x t r a c t e u  

with e t h e r  a t  pH 11 t o  g i v e  a mixture (Q.1 gj, wfiicY1 &c 

amlys i s  showed t o  c o n t a i n  parent  m i n e  20-1 ( y Q p )  a m  ~ n e  
7 

peak corresponding t o  amine (lo$, 4.2 ruin. 1. Gnrornat- 

cgraphy of the  combined basic  e x t r a c t s  on s i i i c i c  a c u  ( 7  g )  

geve the petroleum etner r e s idue  (0.02 g, gc 1 . 3  min. major)  

w i t h  0-1s EtOH - CH2ClZm Tne remalnine: i ractlcris ( 0 .  O t j  j , 
e l u t e d  with 2-100% EtOH contained ka ren t  a n h e  

20-1 ( v i d e  supra,  5-15-1). None of che f r a c t i o n s  sncwed 

t he  gc peak of N-methylindoline (6 rnin,). 

The o v e r a l l  y i e l d s  of tne  producto, c a l c u l a t e d  from 

go and nmr, were BC (4051, amine 20-1 (42jb) anu asskbned 



amine 59-1 ( 2%). 

5-17-2 Reaction wi tn  S i l v e r  iU t r a t e  

Amine 20-1 (6.8 g,  0.05 rncles) w a s  ccnver ted  tic chlcr-  

amlne 20-1 as descr ibed  above, using penta.r~e l m c e a u  of  e t n e r  

a s  a sc lven t  . I'he pentane e x t r a c t s  concainl% 23-5 Nere 

evaporated un t i l  ca. 50  m l  remained, then nebH ( 2 3 ~  DL) was 

added, ~ n d  the s o l u t i o n  again concent ra ted  t o  a >O al volume. 

MeOH ( c n .  250 ml) and &NO3 (12.8 d, 0.075 moles) were auaed 

and the  mixture r e f luxed  f o r  2.5 nours in cne uarK. Y r ~ e  

p r e c i p i t a t e  was f i l t e r e d ,  and tne s o l u t i o n  c o n c e n t r a ~ e a  t c  

C R .  25 m l .  Sa tu ra ted  N a C l  s o l u t i o n  (50 m l )  was aduea, mu 

the mixture left overnight .  'dne precikitace was t ' i ~ t e r e a ,  

and the s o l u t i o n  e x t r a c t e d  w i t h  e t n e r .  Evapcrat icn dl' tue 

e x t r a c t s  gave a mixture (3.33 g), wnicn snowed b~ yeam a t  

2 . 3  min. (4$, benzylmethylether) ,  3 . 9  ruin. (4;1, coupcuncl r ' ) ,  

4.2 rnin. (2$, 59-l), 4.8 m i n .  (66;16, LO-l), LL m u .  (4p,  

aompcund E ) ,  and 11.7 min. (20%, coiIi&ourla G ) .  

The mixture (2.7 g) was c r l r ~ m a t o g r a ~ h e a  cn s u i c l c  

(50 g). Eluted wi th  CHzC12 was a mixture (a.42 6 )  

i nd ica ted  by gc to  be  oomposau 01' benzaldenyae (2.0 rnin.; 

ir 1695 ; nmr 7 0.05 s i n g l e t )  and benzylmetnyletner ( iAiAL), 

C2.3  rnin., nmr 7 2 . 9  ( s ) ,  5 . 5  ( s )  0.67 ( s ) ]  . b l u ~ e a  w i t r i  

I$ E t O H  - CH2C12 was a f r a c t i o n  (0.16 g )  wnicn d i s t i l l e d  

a t  6S0/1 mm t o  g i v e  impure comkound 3 : gc L 1  a d n  ( > 653); 

ir 3060, 2930, 2830, 1695, 1675, l b W ,  1450, 1070, 700; 



nmr 'I' 1.85 ( 2  H, m), 2.4-2.8 ( 3  Hj in), 4.8 ( 1  n, s ) ,  

6.52 (ca. 5 8, s ) ;  as (1750)  160  (21, 151 ( 31 ,  121 (4 ) ,  

105 ( l o ) ,  97 (71 ,  7 7 ( 2 1 ) ,  75 (LOO), 51 ( '1),4'/ (14).  'llllis 

compound a p p e a r s  t o  decompose on sl;orat;e co oe l~zo lc  8cia : 

i r  17'00; rns 122 ( 8 0 ) ,  195 ( 1 0 ~ 1 ) ~  7.1 ( 7 3 ) )  ul (60). 

The n e x t  f r m t i o n  (0 .41  g ) ,  eluted wicn A@ 

E t O H  - CH2C12,  was rechromtcgrayhea on s i l i c i c  acia and 

one f r a c t i o n  (0.22 g )  was d i s t i l i e d  a c  800/  i m cc d i v e  

I n p u r e  compound P : &c 3.5 mln. (753); ir ' 3jdO (o,m), j d t t 3 ,  

3025, 2930, 2850, 2820, 1670, 1600 (a), 1453, 1370, 750, 

700; nmr 2.8  (6 H, m), 6 .d .  (1 ti, $1, b.76 (1 h, s ) ,  7 .2  

( 4  HJ d, 7.68 ( 1  HJ s ) ;  as  (175'1 2b8 ( 5 ) ,  214 1 103 

Eluted w i t h  205% BtOH - CHECIZ  was a i rac t lon  (O. j i .  e;( 

which was d i s t i l l e d  a t  $lo0/ 3 urn tc & l v e  cowpcunci u : ,c 

11.8 i n .  r 3340 ( b ) ,  3060, 3925, 2900, 28;aJ 2 ? W ,  i + ~ y ,  

1120, 1080, 1035, 755 (d, 700; nmr I- 2 .6  \5  d, d, 3.74 

product  ( 0 . 3  g ) ,  e l u t e d  witn 10-100% L t O H  was karent aarne 

lione cf the fractions c o n t a i n e d  a gc p a d  wnicn ccr-  

responded to /jl ( 6 ain. 1. The y ie ias  or' tne majcr kroduccs 



of p;c a n a l y s i s  were arnlne 20-1 (32%) and the unidentli'lecl 

cnmpound O ( C R .  7%). 

5-18 Alterna. t e  Methods of' GeneraLlrl;;; ~ m i n l u r n  rraumals 

5-18-1 Radical  I n i t i a t e d  Chloramine 1nterrnolecu.Lar 
Add1 t ions 

The r e a c t i c n s  given below were fol lowea oy ioaouecric 

t i t r a t i o n  (5-8-3). 

( a) 'The hydrocnloride salt or' aiecllylalfiine (uo, 

11 g, 0.1 moles) was converted by t n e  mecncu aescr lbed  in 

5-5-3 t o  N-chlorodiethylanline (Cub) . 'I'rie e t n e r  e x t r a c t s  

were ooncentrated by evapora t ion ,  a o e t i c  a c i d  ( l a d  was 

added, and the  remainder of t h e  e t h e r  evayorated.  'line 

s o l u t i o n  was made up t o  4 h H2S04 i n  a c e t l c  ac ia  (L3u ~ 1 ,  

and a ,a- a z o - b 2 - i s o b u t y r o n i t r i l e  ( AIBiJ, 0.66 &, 3.J34 doles  j 

was added. The mixture was heated t o  33-330 i n  tne d a r ~ ,  anu 

1-butene gas was passed tnroucn the s o l u t i o n  r'or 4 ficur-s. 

The s c l u c i o n  was e x t r a c t e d  wicri ether, Lhe e x t r u c t s  wa&lieu 

w i t h  d i l u t e  base, and evayorated t o  give a r e s l u e .  Ltle 

r e s idue  was separa ted  PnLo a c i d i c / n e u t r a i  material  ( 9 .  j~ &)  

and bas ic  m a t e r i a l  (0 ,32 g) by tne  usual  e x c r a c t ~ o n  krocedure. 

The major component cf the msic i ' r a c t i o n  was bb : 

gc 80%; ir 3400 ( b ) ,  2970, 2930, 287d, 2823 ( m ) ,  1 4 d ;  

nmr ~ 5 . 4 0  ( l H ,  s, D20excn) ,  7.45 ( 4 h ,  q ,  J = 7 ) ,  Y.Q 
1 

(6 H, t ,  J = 7). The gc (105') of the n e u t r a l  t r a c s i o n  



( b )  Dinethylamine hydrochlcr ide  ( d  .l 6, 0.1 u c i e s )  

was t r e a t e d  w i t h  NaQC1 s o l u t i o n  as desc r ibed  i n  nrel;no~ 3- j - j .  

The e t h e r  e x t r a c t s  were d r i e d ,  and c o n c e n t r a t e d  HzSU,, ( 5  

was added a t  0 O (132)  . Tne p r e c i p i t a t e d  s u l f ' t i ~ - f ~  a c l c  s a ~ c  

o f  N-chlorodimethylamine (HCm) was t '11 tered, wasrreci w l  cn 

ether, and d r i e d  under vacuum the darx .  i'he s a i c  was 
L 

; dissolved i n  a 4 M H2S04 - HOAc s o l u t i o n  (200 m l )  c c n c a l n i r ~  

1-hexene (8.3 g ,  0.1 mole). Half cne s o i u t i o n  was Lept a t  

room temperature  in t h e  daric. To che o t n e r  nalr '  was adaed 

and the rn~-xture was photolyzed f o r  7.75 n o u r s  ( x u + r a t u s  i L ,  

N2, 350 nm lamps, pyrex).  The 2hocolysa te  was seearasea L n t i  

n e u t r a l  ( 2 . 6 7  g) and bas i c  (0.16 g )  f r a c t i o n s .  Lone same 

procedure wi tn the c o n t r o l  s o l u c i o n  dave n e u t r a l  ( j. 27 g) 



and bas ic  (0.18 g) f r a c t i o n s ,  

Both neutral f r a c t i o n s  slmwed KC l,eam (135') at  

1.8 min. (45$), 4.4 min. (45$),  and 4.7 mln. (LO$), ana 

have the  same lr absoryt;lonc (2900, 2940, 174a, 1 2 4 ~ ) .  r ' r ~ s  

t h e  ccmparable gc r e t e n t i o n  times ana t h e  slmllnr nw signals 

as the neutral f ' ract ion from 5-18-la above, Lne 

compounds were t e n t a t i v e l y  assigned as 2-acecoxynexa~~e (b4-dl 

and 1-chloro-2-wetoxynexane (04-1) : nnlr  T 5.08 (a), 0.43 

( d ,  J = 51,  7.97 (61 ,  8.-05 ( s ) ,  8.3-9.3 (a). 'he nmr speccra 

of both basic f r a c t i o n s  were similar : T 5.9 (a), 0.4 (a), 

7.3 ( . I ,  7.51 ( 6 1 ,  7.98 ( s ) .  I'ne (115') sliuwau paans a c  

6.3 min. 40% of the  c o n t r o l  arrd 10% of' cne ~ n c t o l y s l s  Lrac- 

t ion;  gc-ms 114 ( L O O ) ,  84 (71, 7 2  (101, 'i1 (LO), 58 \ 2 0 ) ,  

42 (14)  ] and 4.8 min, [ ms (90% jlure) 10.5 (21 ,  loj (j), 1 L y  

(111, la4 (101,  87 (81, 54 (141, by (1~1, 58 UW, 43 t 7 L j ,  

42 (2411. 

( c )  HCDPI, prepared from the nyaroculcr ide salc 

of DM (8.1 g )  as descr ibed  above, was dlssolved  rn a 4 PA 

H2SoI) - KU. s o l u t l o n  (200 m1) containing a l a i l y l e t n a r  (9.8 ;, 
0.1 moles). Half t h e  s o l u t i o n  was lteyt i n  tne uarrc as a 

cont ro l .  AIBN (0.33 g ,  2 @moles) was adaed t o  cne o tner  r l a ~ r '  

and the mixture i r r a d i a t e d  f o r  1-25 nours  (kpparacds ill, 

t 
i piZ, 350 nm lamps, pyrex). Tne usual extract~on p o c e c u r e  
i 

k gave n e u t r a l  ma te r i a l  (3.85 g furom Dotn so~ucions) ana oasic  

f r a c t i o n s  (0.15 g r'rom yhot;olysiu, 0.18 from cc;i~troL 

so lu t ion) ,  



a o t n  n e u t r a l  i ' r ac t ions  nave  auJo r  k e a a  In m e  t c  

(150') at  8.7 min. (ca. b5$) and 9 . 3  ruin. ( c a .  2W). Ale 

major product was t e n t a t i v e l y  a s s igned  as t h e  I -chiorc- l -  

s c e t o x y y r o p y l a l l y l e t h e r  ( 63-1) : Ir 3 W 0  \ n l )  , ji12d ( u )  , 
2950,  2865, 1740, 1235, 1050, 74-i, (a); nmr T 3 u a, 

m ) ,  4.65-5.1 (ca. 3 H ,  m),  5.7-0.1 ( 2  h, a), o.2 -0 .5  (4  a, a), 

7.46 ( 3  H ,  a ) .  The bas i c  t ' r a c t l c n s  were riot I 'urLl~er  illvest- 

i g a t e d  but  had a ~ J o r  L e a K  ( ca .  O O P )  In t n e  qc a c  8.7 inin.: 

(a )  A skmilar procedure as diven i u  j-A&-lc wli,rL 

HCDh was fol lowed,  u s i q  as t he  o l e f l n  2 ,  3 - d i c n l o r ~ k r o ~ e n e  

The n e u t r a l  fracti.cn (0.32 g )  l'rom t n e  co i l t ro l  cantalnea 

greater than 10 peaks in t ne  gc  wni le  c r l e  r ~ e u t r a i  

f r a c t i o n  (0.3 g) from t h e  pnocolysis  snowed one kean : 2.3 LUI; 

i r  3350 (b), 2990, 2840, 2240 (a), lo60 ( b ) ,  1 4 . 2 ~ ,  1223, 

750; nmr T 8.40 ( s ) ,  8.53 (3). 

i The base-ext rac ted  maceria l  (0 .02 g) l 'rou c m  c c n t r e l  

1 WFLS pr imar i ly  2 ,  3-dicnloropropene [ rmr T 4.5 ( i n ) ,  4.bd ( in ) ,  

5.9 ( s) 1 . The basic f r a c t i o n  ( j .  >;, g )  i r o u  tne  u i ~ o c c ; l y s ~ ~  



5-18-2 A t  tempted Gene ra t i on  01. A m i n i u m  h a u i c a i  i e  

P r o t o n a t e d  Amine 

( a )  b iycn ty l amine  (ill-', i ,g, u mmclej) and ccalci~trn 

hyiccnlcrlte (1 g ,  8 m o l e s )  were a i s s o i v e u  i n  4 PI d23u4 - 
HOAc ( 1 2 0  ml) and l e f t  i n  room l i g n t  Icr 1 weeA ar. ~ 3 ~ .  

N e u t r ~ l i z a t i o n  and extraction gave  UP : 0.31 &; L r  L y ~ d ,  

2860, 2810 ( m ) ,  1470,  1330, '733; n w  7.42 (4  i.i, u), 8.4-y.) 

(ca. 19 H, a). 

lJk (1 g )  was r e a c t e d  wit;n llaO(;l s o i u ~ i o n  (19" ml) a s  

o u t l i n e d  In method 5-5-3 t c  g i v e  N-cn lo rod~per l~y la l~ l ine  ((;lu') t 

0.84 g, s9%; ir 2930,  2860, 14b0, 1375, ~ d ' t u ,  7 2 3 ;  mw 

7.09 (4  H ,  m ) ,  8.2-9.3 (18 H,  a). CD? was a l s s o l v e u  in 4 ?i 

H p 4  - HoAc ( 6 0  ml). A f t e r  10 rninuces In tne uar~;, t n e  

s o l u t i o n  was n e u t r a l i z e d  and e x t r a c t e d  t c  & l v e  CAP (O.35 5 ,  

v i d e  supra ) , 

( b )  DB (2.15 g, 0.014 mcles)  and ~ a a  t e t r a - a c e t a c e  

(9.2 g, 0.021 moles)  were d i s s o l v e d  i n  4 A H2Sd4 - HbAc 

(700 ml). A t n i r d  o f  t h e  s o l u t i o n  was i o l t  u. tne aark, a 

cn i rd  was hea t ed  on tne steam b a t n  l ' c r  2. j ncdrs,  am a tilira 

WRB photo lyzed  f o r  1.5 hours (Apbara tus  111, A ,  333 n u  L a u k s ,  

~ y r e x ) .  Neutralization and 8xt ; rac t ion  gave  & j v l ue  su,r8a) 

frcm t n e  c o n t r o l  (0.58 g), tne t n e rma i  ( 0 . 3 ~  e ; )  ancl crie knctcl- 

chemlcal (0 .58  g )  r e a c t i o n s .  

DP (1 g, 6 mmoles) In 

steam b a t h  w i t h  P b  ( O A C ) ~  ( 4  

HOAc ( 129 ul) was m a t e d  on d 

6) for  3.5 LACUPS. 1 4 e d t ; r a ~ i z a t l o n  



and extraction save R ~ l i x t u r e  ( c a .  0.4 or' U (ca. oO;b 

5-19-1 Carbon Haaicai  h i  t i a t o m  

(a) N-?Sitrosopiyeridine ( h i  , 2.28 g, ~ o d 2  m o ~ e s )  

and cyclovlexene (1.64 g ,  G.02 inoles) were i a e f luea  I U ~  4 u  

hours in Lhe dark in a i l eOH soluticn (20i.j sl) wmcn cdncamea 

c o n c e n t r ~ t e d  H c ~  ( 2  m l ,  0.024 moles) and ~ L b h  ( U . 1 b  g ,  

1 mmole). The uv spectrum snor,ec ca .  15% increase I ~ L  cne 

350 nm absorpt ion.  FleOH w a s  evasoraced, and cne resiciue 

separated Into n e u t r a l  and basic f r a c t i o n s .  ' h e  neutrai 

rmtsri~l (1.9 g )  was NP : ir 2940, 2840, 1425, i3o0, 1285, 

1.260, 1370, 1090, 980 ;  nmr r 5.81 ( 2  H, lo) ,  6.24 (2 fi, a), 

8.0-3.1 (-6. H, m). ~iie bas ic  f f r c t i c n  (0.15 g )  was larhery 

NF ( s imi la r  i r )  w i t h  possibly scae i . lkerialne (i- ) krese:lc 

[ l r  3350 (b,m), 1320 (w)]. 

( b )  NP (3.9 g ,  3.034 moles), concenGrated t L 1  

were ref luxed in  a oovered vessel  f o r  41 nours, men l e f t  

f o r  4 days a t  room temperature.  ' h e  uv s p c t r u u  slioweci 



4 

cp. 20? decrease i n  the  350 nm peal<. hva,crat i~.r i  'arid ex- 4 

t r s c t l c n  gnve the n e u t r a l  Nk ( 2 . 9 1  g, v i a e  s ~ : ~ r o b .  b a s i f -  

I c n t l r n  n v i  CH2C12 e x t r n c t i c n  c;nve t n e  nyurccnicr iae  saAt 

cf ~ . l p e r i d i n e  (W) :  0.34 6 ;  i r  ( a r )  2440, 25i)\~,  2/43, 

2513, 1460, 560;  ninr T 0.07 (2Y, b, ir$ excn), o . d j  ( 4  a, :A), 

?.8-8.7 ( 6  H, m). 

( c )  NP ( 2  g ,  0.018 mciee), cyclonexene (1.04 g, 

0.02 moles), t r i f l u o r o a c e t i c  sc id  ( 2 . 3  g ,  G.d2 u c l e s ) ,  a ~ c t  
i 

ALAN (0.16 g ,  1 maiole) were r e f l u x e a  i n  cne aarx t ' w  LU r l ~ u r s  

i n  benzene ( 2 ~ 0  ml).  The uv s p e c t r u m  sncwed ca .  L ~ F  uz- 

c rease  in t h e  broad pealr from 330 t o  370 nrn. hva,-r=rac~dr~ 

o f  the s c l v e n t  and e x t r a c t i o n  have NL" (1.'/5 t, viue su,ra). 

The ex t rac ted  basic matex*ial (0.06 g) was n c t  l u e r l c x  leu: 

ir 3390 (b), 2939, 2850, 1679 ( b ) ,  14 ju ,  iZW, L ~ W ,  U j d ;  

nmr T 6 3 5  (b, D20 exch) ,  8.1 (b, d20 excn) ,  8.23 \ s j ,  b.bj 

(d, 8.5-?.0 ( m ) .  

(ill NP (1.2  g ,  0.01 moles), c y c l ~ n e x e n e  ( 2  ,, 
0.024 mcles) an6 t r i f l u c r o s c e t i c  a c i a  (1.5 uu, 0 . ~ 2  nioies) 

i n  benzene ( 1 2 0  m l )  were ref luxed i n  tne aarr(; while oer lzcy l  

p?roxide (1 8,  4 m o l e s )  was added i n  por t ions .  L.~le E C A ~ L ~ G L  

W R R  ref'luxed f o r  an  a d d i t i o n a l  5 n o u r s ,  wen i e l  c ac  23O 

f o r  15 hcurs.  Yne uv spectrum sncwed ca. 30p lr lcrease i n  

the 325 t o  380 nm r eg lcn  and was n o t  f u r t ~ i e r  exaiiunetl. 
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5-19-2 R e ~ c t i o n  w i t h  Fe r rous  bu11'ate 

NP (1 g ,  9 mmoles), concentra t ied  HCI (1 m ~ ,  d . U 2  

m c l s s )  end cyclohexene (1 g, 0.012 moles) were a ~ s s o i v e a  

In  i7eOH (20  m l ) .  Hydrated f e r r o u s  s u l i a ~ e  (k'eaa4 . 7 d2d8 

2.5 g ,  9 mmcles) was added t o  the s o i u t i o n  a t  0' aXAd cne 

mixture  s t i r r e d  f o r  2.25 ncu r s  in t n e  dar,c. ' I ' m  s c l u ~ i o n  

w a n  f l l tered and evapora  tea. Jous  ha2Co3 was adued EUK 

t he  s c l u t i o n  e x t r a c t e d  LO g i v e  lqk (0.74 4 ,  v l u e  sdpra). 

5-19-3 I ' ho to in i  t i a t i o n  w i t h  W=h1crcb~;-Li-rnetnylace t 2 ~ 1 1 ~ ~  

NY (1 g ,  9 mmoles), t r i f ' l u o r a c e t i c  a c l u  (1.5 ill, 

0. O? moles) ,  cyclohexene (1.5" g, 0.018 moles) anu ~ b - t u t r c s o -  

N-methylacetaaiiue ( N R A ,  3 g ,  0.029 moles)  In bellzeae ( 2 2 3  r i i )  

were ~ , h o t o l y z e d  f o r  5.5 h ~ u r s  ( A ~ p a r a t u s  I, Ah2, 203 r u ,  

> b00 nm f i l t e r  s o l u t i o n ) .  Tne uv spec t rum s r luwed  a ~ b h  

dec rea se  i n  tne 1120 nm peak of Nl'ik. Xne s o l v w l c  was eva,- 

orated and wa t e r  (100 m l )  was added. A f t e r  extractlcn cr 

the n e u t r ~ l  material, t h e  sclution was b a s i i ' i e d  tc  kh 6. 

E t h e r  e x t r ~ o t i o n  of  the b a s i c  s o l u t i c n  and e v a p o r a t i o n  gave 

X-methylacetamide : 0.12 g,  ir 5300 ( o ) ,  31~13 ( o l ,  i ? y > 3 ,  

1640: ( b ) ,  1560, 1410, 1370; nmr T 7.22 ( 3  ti, a, J = 3 ,  c o ~ i a p s e s  

on n d d i t l c n  o f  D ~ C ) ,  8.03 ( 3  H, a ) .  



5 -20-1 1L -Nicrcsotetrahydrolsoquinol i r le  (21*2) 

' l ' e t ranydrcisoquinol ine  21-1, 13.3 g ,  d.l/sole) w a s  

nitrosated w l t l ~  1ia1W2 ( 9  g,  0.lj moles), acc3raLrL: to 

method 5-5-1, tc give a neutrai fracclcjn (15.b t;) w r u c l l  

nmr fipectrum indicated 09% 5-isomer (sun L C  oer~zyuc krccLrrs). 

hibrosamine 21-2 (8.1 g, 0.05 moles) anu ccncen- 

trated H C l  (4.2 ml, 0.05 moles) in neOH (4d0  a) were knct- 

olyzed  for 10 hours (Apparatus 111, h2, 353 nu iaaks, hyrex) .  

The MeOH was evaporated and d i l u t e  acid (2dG U A )  adaed. 

Etnsr extracticn gave nitrosamine 21-2 (0.15 g, tlc anu ir 

identical). NaZCO3 was added until tne soruLLin was oasx 

rvld ether extraction gave auidoxime b8-i (?.at, 6, d y p ,  orre 

syct tlc) whicn was crystalsized frcm benzene-hexaae LC akve 

7.18 ( 2  t i ,  ,ti J -= 
Tie aqueous phase was basilied to pH 12 and extracted 



with C H $ l Z  t o  give a mixture (0.15 g )  01' asidoxime 66-1 

nnd paren t  amine 31-1 by t l c  and nmr. ' h e  watw was e v a k o r -  

a t e d  and the  r e s i d u e  e x t r a c t e d  t o  d i v e  anunc 21-1 : d.13 6, 

t l c  i d e n t i c a l  ; ir 3360 (b, .m ) ,  3930 ( m ) ,  ~ y j ; r ,  2&dD  id^^, 

2745 (d, 15e5 ( w ) ,  i j O o ,  1435, 1325, 7j i) ;  nmr T 3.33 

( 4 %  8 ,  w! t=4 ) ,  6.20 ( Z H ,  8 1 ,  7.55 t 2 ~ ,  c l ) ,  /.jj ( 2 d J  u), 

8.4 (1 M, 8 ,  D20 exoh) ,  

5-20-2 h - N i  t r o s o v i u e r i u i n e  under Oxygen 

(a) blP (2.3 g, 0.02 moles) and c o n c ~ n t r a t e d  dGl 

( 2  m l ,  0.024 moles) were pnotoiyzed i n  h e O H  (230 u1) in an 
, L 4  

oxygen ac'mooyhers f o r  3 ncurs  taratus at us' 1, Z v O  kl, bunex 

f i l t e r  ) until t h e  uv tiyec t rurn  snowed t n e  ciisa1,kearance or' 

Lhe 35G nm peak. 'the u s u a l  word u t  (metnoa j-8-1) gave 

2855, 1630 (b), 1525, 12801 and tne basir:  f ' r a c t ~ o n s  (1.40 6 )  

e x t r a c t e d  wi tn  CH2C12. 

Chromtcgraphy 01' the  basic f r a c t i o n  on neutrai 

oluminn ( 6 0  g )  e l u t e d  f i p s t ,  wi tn  0-1% 1YeUH - C N Z C I Z ,  

dip ips r id inomethane  (70) : 0.38 g ,  21;;; ir 24j5, 285j ,  

2780, 1440, 1130; nmr 7 7.24 ( 2  H ,  s), 7bb ( 6  A ,  a), 8.3-8.7 

(12 H ,  a);  ms (100') 182 A +  1, 11, 181 ( 1  + , 21, 58 ( l o o ) ,  

85 ( 2 5 1 ,  8L, (451,  70 (111, (211,  28 ( 2 5 ) .  w e  rracc i ch  

e l u t e d  wi th  1s NeOH - CH2C12 [ d.23 6 ;  ir l o o 0  ( b ) ;  

nmr T 7.4 ( 4  f l ,  m ) ,  8.4 ( 6 H, m) I were p u r i ~  iea co give  &re 

produo t a s s igned  as N-&ikeridinofQrmamide (a): Ir 2yj5 ,' 



2860, 1670, 1440, llO5; rns (100•‹) 113 ( i o a ) ,  y e  ( ~ d ,  

94 (441, 73 ( 4 h ) ,  56 (50). LluLed wltn 1-501 P.eL)d - C H Z C 1 2  

wns p i l~e r id lne  hydrccnlorlde (;ilk) : 3.08 g ,  29,0; 1," v l a e  

supra, 5-13-16; ~ m r  (D20) 7 0.79 ( 4  ti, m), 8.2 ( G i i ,  m). 

( b )  M (2.3 g) ana ccincentracec r i i i  t L  d) i n  

water ( 2 3 0  m l )  were pnotolyzed f c r  11 ncurs  u e r  oxyben 

using the same condi t ions  as amve. 'l'ne xv skectrum snoweu 

cn.  20s of  the  340 nn absorp t ion  ream-aed. s u l u t l o n  

W R S  extrncted to  g ive  a neutral i r acc lc r i  ( d . 4 4  b )  C G L ~ L S A L ~ L L  

Nk' ( v i d e  s u p r a ,  15-19-la). 

The photolysate  was basifled arm e x t r a c t e d  cc g ive  

the b ~ s l c  m t e r i a l  (2 g )  which was cnroruatogrspea cn n e u t r a l  

slum in^ ( 6 0  a ) .  Eluted  first w l t h  Cn2Cl.z w a s . W  ( C o i l  g, 

vine supra) .  The next C H 2 B 2  e l u t e u  f r a c t i o n  (J.23 g) .as 

C R .  30.6 NP, a s  Indica ted  by nmr. L lu ted  wi tn  1-23 lbieLr: - 
C H 7 C l 2  was an unstable product ,  s w g e s t e d  t o  D e  tri,i,.aria- 

l n c n i t r ~ t e  72-1: 0.91 g ;  ir j359 (w), 247a,  23j4 L s ~ u ,  

1630, P P O ,  889; r . m r  7 5 . 0  (1 H ,  m 1 ,  3.2-7.6 (ca .  lu c, a), 

7.8-?.O ( C Q .  20H, m); ms (75O) 244 i 5 ) ,  Ly2 (271 ,  LO, I > ) ,  

1 0  ( 9 ,  f% (91), 83 ( l o o ) ,  55 (95). Atte;nhteci s u b l l n l a t ~ c n  

e t  boo/ 1 mm gave a semi-solid,  sug,esr;sd co ue Impure  

tril i$ er id inoalcohol  72+2 : ir 3390 ( o, m), 2930, 2622, L ~ L ~ G ,  

1630 ( m ) ,  1445, 1050. 

Anal. Calcd f'or Cl5HUNjO : U, 67.j7: n ,  ~ 0 . 2 ~ ;  



The rernelnini: materl-ni e l u c e c i  witn 5-2l jp  i..ebn - i n Z ( l ~ Z  

was HP (0.42 g, vide su1 , r~ ) .  

5-21. Cgunr~t urn Yieid  of P I - i L ' i  t r o sod ime  ~ n y l a n l i ~  b1stt r , eararxe 

5-21-1 A!!:,ara t u s  atld I rocedure 

r l  ~r le  ausnturn yield measurerneflts were cline Ln a w r r y  

(;c\ round ~lrry~r?ttus (263). A 450 Watt lam,,, inblue a water 

cco l ed  s l eeve ,  was plzced i n  crie centre  well o t  tne ap,ar- 

a t u s  ~ n d  t h e  i i g n t  filtered t i i rougt?  a Corrlin,r Ca 7-b0 ( 3  >&,I  

~ ~ P R S  fSi l ter(See Fi,;ure 5.4).  'i'ne p t & i  1ent;tt.l t o  tile 3.3 

by 2 cm pno tc lys i s  s l i t s  was ca. 10 cm. SCI -U~~AL I  r i i ~ r c g e l ,  

i:ns was bubbled tnrougn the aqueous s c i u t i o n  (J  U L )  co,ltai;l- 

i n<  ):-nl trosodime tfiylamlne (I"iUL!) isnu hGl j saw m d a ~ ~ i ~ y  c s  

thst cx' N D N ) ,  then the kyrex  tuoe was stcpl*ereu. .iille sam,,led 

were i ~ ~ r a d i a t e c ;  In a constant Cem$r.ature baLrl a t  25" a l ~ a  

cemoved st s p e c i f i c  time i n t e r v a l s .  

A f e r r i c  o x a l a t e  actinorneter ( 2 0 4 )  was useu  &nu C r l e  

amount of f e r r o u s  i c n  forueu was decerni~nud crle a D s G r p c L m  

cf the complex a t  519 nm, iihe c a l i b r a t ~ c n  g i c t  l c r  the 

- 1.21 was assumed i n  the c a l c u l ~ c i c n s  i'cr tile l'crnlaclon 6 s  

- f ~ r r o u s  ions .  %'he lamp i n t e n s i t y ,  a f t e r  a w a r a i  up  kericu 

(c?.  1\3 minutes) ,  was found t~ b e  relatively constatic ( 2  14,~) 

k 
and the  average l i g h t  i n t e l i s i t y  e n t e r i w  tne sami.le t;cloes 



5-21-2 _E;z~eriiner.tal Data 

The p e r c e n t ~ d e  d e c r e a s e  cf t o e  343 nm hd1.1 E ~ ~ S L ~ ~ C ~ L I L  

dur lnc  t n e  1:hctc lys ls  was plotted E.igaili:;t t n e .  rne r ~ ~ i : ~ s  

qnve Llv!nr s l o p e s  w i t h  dev ia t l cns  ci' * l u 3 ,  L'rie q u A i L d &  

yields cf dlsnplearsnce ( 8 dis) of "Uri were ca i cua lea  

from t h e  slopes anu the v a l u e  i 'cr tile a v e r a g e  Il,nt i n t e r ~ s i t y .  

These  4 alg v a l u e s  a r e  given i n  T a b l e  J .I w l t n  the correc- 

tion f 'o r  the arncurlt of i i g n c  aosorbea by tile sallrkle ac 

t n n  t rnolarl ty .  

5-22-1 Gss C h r o m a t o ~ r a ~ n y  of  A a i n e ~  

A number of gc columns were t e s t ed  f c r  t n e l r  a o i l i t y  

t c  s e p ~ r a t e  low molecular weignt amlnes. 'dne co lumns  a m  

t he  mjor d i f f i c u l t i e s  found w i t h  an in jec t lan  or' an aqueous 

basic  emlne mixture were l i s t e d  in ' i ' a~ le  5 . 2 .  line arulnes 

t e ~ t e d  were methylamine (E), etnylamine (8 )  anu dluetnyianine  

( D M ) .  All the gc columns were found t o  oe u n s d t a b l e  f o r  



F~+CONCENTRATION x 1cj7 

MOLES / I0 ml loo8 M 



WATER-COOLED 
SLEEVE 

450W. LAMP 

CS 7-60 FILTER 
/ 

SLITS NITROSAMINE 
SOLUTION 

ACTINOMETER 
SOLUTION 



5%- 7 I ercer~taye_cl' I",?-1_c!e!i_t - - - i ~ ~ A b s u r o e u  as -- - 
a Irunc t- Ct'r~oncer~trac ion  

I I I 1 I I 1 
30 40 50 60 70 80 90 100 

% INCIDENT LIGHT ABSORBED 





one, c r  more, of tne fol lowing reasons: 

(a) incomtle te  sepa ra t ion  of' auiines. 

(b) 110 s.eparation o f  amines. 
- -  

, F a  

( c )  Amines d id  not  ccme tnrcu& tne  column, 
7 . 

('1 Asymmetric p e a s ,  wnich mue i n t e 6 r a c l c n  

d i f f i c u l t .  

( e )  'Ghost' b e a m  (1881, i .e.,  suosequent in-  

j ec t ions  of only d i l u t e  N a O h  &rcauced peaks 

corresponding t c  tne  p e v i c u s l y  In j ec tea  twines . 
The phenyltnipoya-mte derivative 01' d i m e t n y i a a i a  was 

~ l s o  t e s t e d  i n  t e n  gc columns but gave e i t n e r  a s y m e c r f c  

o r  broad peaKs. Amidoxime a gave similar r e s u l c s  wnen 

t e s t e d  on Chromosorb 103 o r  Uowt'ax 9149 (203 U h ) .  

A'he uv ana v i s i b i e  speccra of' a d i l u t e  a c l u i c  s c l a -  

t i o n  of N-metnylacetamido cxime (a)* in  t n e  kresence of a 

s e r i e s  o f  metal  i o n s  were examines. 'l'ne observea p a x  

s h i f t s  of t h e  metal ions  were n o t  w e l l  sekara ted  t ' rcu tilt: 

o r l g l m l  absorpt ions .  The values i i s t e a  i n  Table j .) were 
, . 

observed when e q u i m o l ~ r  q u a n t i t i e s  of tne  metal i cn  =la 

were mixed together .  

* Obtained by D r .  i ' .  Chiu i n  t h i s  i abora to ry  I rcm tne LKiC t c -  
decomposition of N-ni trosome tnylethylamine. 



Table: 5 . 2  Sap~tra t lon GI' A m i t i e s  by Gas C k ~ r c m ~ c # r a &  

Li te ra tu re  
Reference 

u* 

** 

266 
I I 

267 

Liquid  ;upport , Urisui c a ~ i l i t y *  
khase deasolls - 
20% Cetyl C e l i t e  345 ( a ) , urd' and h 
Alconol 

8% THEEL) Chrom W ( a J , bivi w a  L 

20% Dowfax 9N9, C&om U (a), a& 
20% KOH 

10% TE.P Tide 

19% Dowfax 9N9 Tide 

10% Amine 220 Cnrom W 

20% Hyprose Cnrom P 
Sk-$0 

10% Ucon 50  Cnrom T 



Table 5 . 2  (conc'i) 

R&f erence Llauld  S w o r t  dealjcn 

20% SE-30 C ' U O ~  19 

5% PC 550 Cnrom k: 

( c )  

(a 1 , UP, ana 

* Reascns are  explalned in text .  

** Sest c v e m l l  columns f o r  separaclon and s y ~ e t r l c a l  
peaKs. 



%able 5.3 Metal sons Complexed wlcn ~ u d o x i m e  - 

Retai Ion Spectral CkUnge ukcn dauitlcn or' a 
C o l o r l e s s  in  v i ' s i b l e  skec t rum t o  7aOnm 

Colorless in v i s i b i e  spec t rum 

140 cmnge in v i s i b l e  si+eccrurn 

Green cclor,  4lOnm peafi s r ~ i f  t s  t o  

425 lun 

Green Co lo r ;  jYi) nm pea,.: a.,L.ears, 

s h i f  tirig from 40Q nm 

Green color; 440 snoulder arkears. 

S o l u t i o n  slowly decays co yeiiow cc lor  

D a r g  g r e e n  precipitate f'oras ul 

neutral o r  acidic c o n a i t i o n s .  y 7 S  n u  

yeaK oroaaens t o  &ea& c e n c e r e d  a t  

7 0 0  nm. kl i )  nm beati s u l c s  t o  423 urn. 
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