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XLIX. CYCLIC MECHANISM OF THE ALKYLATION OF 

METAL DERIVATIVES OF BENZOLACTAMS 
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The m e c h a n i s m  of the aminoalkylat ion of sodium de r iva t ives  of y - ,  6 - ,  and e - b e n z o l a c t a m s  
is d i scussed  f r o m  the point of view of ideas on the fo rmat ion  of cycl ic  t rans i t ion  complexes .  

The m e c h a n i s m  of the alkylat ion of ambident  anions has  a l r eady  been the subject  of l ively  d i scuss ions  
for  s eve ra l  y e a r s .  P a r t i c u l a r  at tention has  been devoted to meta l  de r iva t ives  of compounds with keto-enol  
t a u t o m e r i s m  and cons iderab ly  l e s s  to meta l  de r iva t ives  of l a c t a m s .  Our ideas on the alkylat ion of the l a t -  
t e r  a r e  based  main ly  on B a e y e r ' s  wel l -known invest igat ions [1,2]. So f a r  as concerns  the m e c h a n i s m  of 
this  reac t ion ,  both an ionic m e c h a n i s m  (A) [3] and a dual reac t ion  m e c h a n i s m  (B) [4] have been d i scussed  
in the l i t e r a tu re :  

I I ] j I ~ o  IN n N N--R N N- -R  
_1( R --X ~:_  B - - c  

]1 Na § ti ~ Ag § I ] t II 
0 0 O- -R O--R O- -Me  0 

Kornblum [5] a s s u m e s  that the s i lve r  sa l t s  of l a e t ams ,  unlike the a l k a l i - m e t a l  sa l t s ,  contain a O-Ag + 
ionogenic bond, the cation of which p o l a r i z e s  the C - X  bond, as  a r e su l t  of which O-a lkyla t ion  is ensured.  

Mechan ism A was  tes ted  by Nesmeyanov  et al.  [6-8], who showed that  meta l  de r iva t ives  of carbonyl  
compounds have an enolic s t ruc tu re ,  the me ta l  being bound to the oxygen by covalent  bond, and they do not 
exhibit  t a u t o m e r i s m .  As applied to isat in ,  these  conclusions were  conf i rmed  by Shigorin [9]. Mechanism B 
enjoys the g r e a t e s t  acceptance .  In the case  of s i l ve r  sa l t s  of isat in ,  the poss ib i l i ty  of the o c c u r r e n c e  of the 
reac t ion  through the s tate  of the fo rmat ion  of a f o u r - m e m b e r e d  t rans i t ion  complex  is  suggested [4]. 

Recent ly ,  cycl ic  m e c h a n i s m s  have been a t t rac t ing  the at tention of many  w o r k e r s  and they have proved  
e x t r e m e l y  fruitful  for  a n u m b e r  of r eac t ions  (the Claisen allyl  r e a r r a n g e m e n t  [10], the Kolbe reac t ion  [11], 
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Fig. 1. UV spec t r a  of 1]: 1) in C2I-IsOH; 
2) in a 1 M solution of C2H5ONa in e than-  
ol; 3) in conc. H2SO 4. 

and o thers ) .  Conceptions of cycl ic  t rans i t ion  complexes  have 
been used success fu l ly  by Syrkin [12] to in te rp re t  the m e c h -  
an i sms  of the Kishner  [Wolff--Kishner] ,  F r i e d e l - C r a f t s ,  
Wurtz ,  Gr ignard ,  Knoevenagel ,  and o ther  r eac t ions .  Reutov 
et al .  [13], studying the influence of the na ture  of solvents  on 
the ra t io  of p roduc t s  O-  and C-alkyla t ion ,  have shown the 
poss ib i l i ty  of the o c c u r r e n c e  of the reac t ion  through the s tage 
of the fo rmat ion  of both s ix -  and f o u r - m e m b e r e d  cycl ic  c o m -  
plexe s. 

In the p r e sen t  work  an a t tempt  has  been made to con-  
s ider  the m e c h a n i s m  of the alkylat ion of meta l  de r iva t ives  of 
the benzo lac t ams  I f r o m  the point of view of the fo rmat ion  of 
cycl ic  t rans i t ion  complexes .  
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TABLE I. 

Corn- R 
pound 

XII CH3 
XllI C2H5 
XIV CH3 

N- Dialkylaminoethylbenzolactams 

CH2CH2N.R~ 
)n 

rap, ~176 
n hydro- Empirical 

base chloride methiodide formula 

N,% 

fou calc. 

114--1151268--270 240( dec. 
- -  209--2111 217 

91--93 84--86? i 213--215 

C2sH26N20 
C27ttaoN20 �9 HCI 
C26H28N20 

7,71 ! 7,56 
7,18 7,03 
7,12 7,28 

74,9 
51,5 
53 

*All compounds were  crys ta l l ized  f rom ethanol. 
t Sulfate. 

..~/(CH2)m--~:Ar2 la re=n=0;  
C=O I b m = o , n = l ;  

~ 1 ~  IN 1r m = l , n = 0 ;  
(CH2)n~ H Id m =0, n=2; 

la-b Ib-dAr = C6H 5 

It has been shown [14] that Ia has the lae tam s t ructure  in the free state, while its metal der ivat ives  
have the lact im s t ruc ture .  Similar resul ts  have been obtained for  the benzolactam derivative Ic. The UV 
spect ra  of 8 -bromo-6-methy l -3 ,3 -d ipheny l  te t rahydroquinol in-2-one (l-I) (Fig. 1) in sodium ethoxide and 
concentrated sulfuric acid are  displaced in the long-wave direct ion and have s imi lar  shapes,  which shows 
a s imi lar i ty  of the i r  s t ruc tu res  and is explained by the formation of the lact im III and the salt IV, r e s p e c -  
t ively.  

H 3 C \ ~ / C 6 H 5  H3C\ . / ~ x ~ / C 6 H 5  H2SO ~ H a C \ ~ / C 6 H ~  

L.%LJ L. )A.&co"q 
,. \O~a ~r ~ ".~" % T ~ -o .  J . ~ o ?  

Br I l l  Br II Br IV 

The sodium der ivat ives  of compounds I dissolve in hydrocarbons ,  which shows the presence  of a co-  
valent ,  and not an ionogenic, bond between the metal and the oxygen. 

As the alkylating agents we selected R2N(CH2)2CI(R = CH3, C2H5). The alkylation of Ia takes place 
equally readi ly  in the presence  of sodium ethoxide and of solid caustic soda [15], while Ib and d are  alkylated 
only in the presence  of sodium ethoxide. This is explained by the higher acidity of Ia and of Ib and d (see 
[16]). The alkylation of sodium der ivat ives  of I fo rms  products  of N-alkylation (Table 1). They are  co lo r -  
less  crys ta l l ine  substances of basic nature;  their  salts and methiodides are readily soluble in water .  The 
mechanism of the alkylation of I with the assumption of a quas i -6 -membered  cyclic complex can be r e p r e -  
sented by the following scheme" 

C2HsONa f /~/ / (CH2)rn--?  At2 P,--X 

t k..~ l C--ONa ' " 

\(CH2)a--N 
V 

/(CH2) m _ CArg r / /~ (CH2)m- -  (: At2 

~ ( c n 2 )  -- N. '~/x \(all2)" - N--R 
VI n .... R VII 

The react ion of the lao~im V with R - X  forms  a t ransi t ion complex VI in which the e lectronic  t r ans i -  
tions take place synchronously over  the whole of the 6 -membered  ring. According to Syrkin [17], t ransi t ion 
complexes have a planar  or  almost  planar  s t ruc ture  and mechanisms  involving their  formation are  par t icu-  
la r ly  favored energet ical ly .  

We assumed that valuable information to confi rm the mechanism descr ibed above can be obtained by 
per forming exper iments  with spatially complicated compounds I. With this object, we used compounds VIII- 
XI (see scheme,  top of page 619 ). 

7-Methyl -3 ,3-d iphenyl - l ,2 ,3 ,6 ,7-pentahydrobenzazepin-2-one  (X1) was obtained by acidochromic con- 
densation of N-(~-methyl- f i -phenyle thyl)benzi lamide.  
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Fig. 2 Fig.  3 Fig.  4 

Fig. 2. Sketch of the s t ruc tu re  of the t rans i t ion  complex  of the sodium der iva t ive  of VIII 
and R -  C1. 

Fig.  3. Sketch of the s t ruc tu re  of a f r agmen t  of the molecule  of the sodium der iva t ive  of 
IX. 

Fig.  4. Sketch of the s t ruc tu re  of a f r agmen t  of the t rans i t ion  complex  of the sodium de-  
r iva t ive  of Xa and R - C 1 .  Rings A and C a re  p lana r  [17]; r ing B contains two double bonds 
and p robab ly  has  a p lana r  or  a l m o s t - p l a n a r  configurat ion.  

)cHaH - 

VII |  

R CH3 

IX Xa, b X l  

xa R= cu3; x,b:%H~ 

In VIII and IX, s t e r i c  hindrance can be c rea ted  by the subst i tuents  (CH30) of the benzene nuclei ,  and 
in X and XI by the subst i tuents  (R, CH 3) of the l a c t a m  r ings .  As our  expe r imen t s  have shown, the alkylation 
of I t akes  place  success fu l ly  only when the fo rmat ion  of the complex  VI is  not hindered.  When s t e r i c  
h indrance ex i s t s ,  however ,  alkylat ion is a d v e r s e l y  affected or  does not take place  at all. Thus,  in the 
alkylat ion of VIII and IX, the t ime  of the expe r imen t s  is i nc rea sed  f r o m  4-5 h to 14 and 30 h, r e spec t i ve ly  
[15]. 

It can be seen f r o m  Fig. 2 that when the CH 3 group is  in the c is  posi t ion with r e spec t  to the n i t rogen 
the fo rmat ion  of VI is h indered,  and only in the trai ls  posi t ion (CH~ denoted by dotted line) is s t e r i c  hin- 
d rance  absent .  F igure  3 shows that when one of the two O-an isy l  r ad ica l s  ro t a t e s ,  the CH30 group is s u p e r -  
imposed  on the O - N a  group and h indrance  to the fo rmat ion  of VI a r i s e s .  The hindrance i n c r e a s e s  when 
subst i tuents  a re  introduced into the l a c t a m  r ings  of X and XI. In this case ,  the hindrance cannot be o v e r -  
come and alkylat ion does not take place  (Fig. 4). 

Consequently,  the alkylat ion of I t akes  p lace  success fu l ly  only when the ni t rogen and the meta l  a re  
s t e r i c a l l y  acces s ib l e  for  the at tacking molecu le ,  i .e . ,  when VI is fo rmed .  F o r  example ,  the sodium de r iv a -  
t ives  X and XI do not f o r m  VI because  the ni t rogen of the l a c t im  is highly s c r eened  by the neighboring sub- 
st i tuent while at the s ame  t ime  the O - N a  group is  s t e r i c a l l y  acces s ib l e  and the fo rmat ion  of O-alkyla t ion  
p roduc t s  might  be expected by the following scheme:  

HsC~\/C6H 5 HsC~\/%H 5 

~C~" --  Na X 

R R 

However ,  this  reac t ion  t akes  place  in none of the expe r imen t s ,  which shows that  the e lec t ron ic  t r a n s i -  
t ions in the complex  VI t akes  place  cons iderab ly  m o r e  r ead i ly  than outside the complex.  

The ideas that we have developed on the cycl ic  m e c h a n i s m  of the alkylat ion of meta l  de r iva t ives  of the 
benzo lac tams  a re  in h a r m o n y  with the i r  s t ruc tu re  as l a c t ims  and makes  it poss ib le  to explain the s t e r i c  
h indrance shown in this reac t ion .  The t r a n s f e r  of the reac t ion  cen te r  takes  place in the t rans i t ion  complex  
in a g r e e m e n t  with Nesmeyanov  and Kabachnik ' s  r e su l t s  [4]. 
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E X P E R I M E N T A L  

2-( f i -Dimethylaminoethyl ) -4 ,4-diphenyl te t rahydroisoquinol in-3-one  (XID. To the sodium ethoxide ob- 
tained f rom 0.23 g (0.01 g-atom) of sodium in 6 ml of absolute ethanol was added 3.0 g (0.01 mole) of Ib and 
10 ml of d ry  toluene.  The excess  of ethanol was dist i l led off, and a solution of 1.07 g (0.01 mole) of di- 
methy laminoe thy lch lor ide  i n 4 m l o f  toluene was added. The mixture  was heated for  5 h and f i l tered,  and the 
c l ea r  toluene solution was acidified with gaseous hydrogen chlor ide.  The hydrochlor ide  that deposited was 
f i l te red  off and c rys ta l l i zed  f rom ethanol. The base was obtained by t reat ing an aqueous solution of the 
hydrochlor ide  with ammonia.  

N-((~-Methyl-f i-phenylethyl)benzilamide (XV). To the phenylmagnesium bromide obtained f rom 23.55 
g (0.15 mole) of bromobenzene and 3.65 g (0.15 g-atom) of magnesium in 75 ml of e ther  was added 12.5 g 
(0.05 mole) of ethyl a -methy l - f l -pheny le thy loxamate  in 50 ml of e ther ,  and the mixture  was heated in a 
wa te r  bath for  30 rain. The organomagnesium complex was decomposed with dilute hydrochlor ic  acid. The 
e therea l  l a ye r  was separa ted  off and t r ea ted  with s team. Yield 12.43 g (63.7%). Pla tes  (from ethanol) with 
mp 114-115~ Found%: N4.42 .  C23H23NO 2. Calculated%: N4.04.  

7-Methyl-3 ,3-diphenyl-1 ,2 ,3 ,6 ,7-pentahydrobenzazepin-2-one  (X'I). A solution of 6.9 g (0.02 mole) of 
XV in 40 ml of glacial  acet ic  acid was t r ea ted  with 50 ml of conc. H2SO t. A rapidly disappearing colorat ion 
a rose .  The mixture  was poured into 200 ml of water ,  and the precipi ta te  was f i l tered off and crys ta l l ized .  
Yield 4.93 g (75.4%). P la tes  ( f rom ethanol) with mp 203-204~ Found %: N 4.41. C23H21NO. Calculated ~c: 
N 4.28. 
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