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REGIOSELECTIVE METHYLATION OF I-BENZYL-A~, I~ 

OCTAHYDR O-4-QUINOLONE* 

G. V.  G r i s h i n a ,  I .  F .  L e s h c h e v a ,  
N.  M. S e r g e e v ,  V.  M.  1 D o t a p o v ,  
a n d  A.  I .  V o v k  

UDC 547.831.8 : 542.953 : 543.42 

The methylat ion of 1-benzyl-Ag, i~  with methyl iodide in the p resence  of 
l i thium diethylamide in t e t r ahydro fu ran  is a reg iose lec t ive  e lect rophi l ic  substitution reac t ion ,  
and, depending on the r eac t ion  conditions, takes place in the 3 or  8 position of the quinolone 
sys tem.  Deutera t ion  under the same conditions takes  place only in the 3 position. 

Regioselec t ive  e lec t rophi l ic  subst i tut ion has been observed for  M-substituted Ag,l~ 
[1]. To ascer ta in  the possibil i ty of ca r ry ing  out functional and a sy m m et r i c  e lect rophi l ic  substitution we in- 
vest igated the effect  of var ious  fac to r s  on the d i rec t ion  of methylat ion of 1-benzyl-Ag, l~ 
in the p resence  of s t rong bases .  

We observed e lee t rophi l ic  subst i tut ion in a study of the 13C NMR spec t rum of the deutero  der ivat ive  of 
1-(1-phenyle thyl) -Ag' l~  (II). The synthesis  of deuterated der ivat ive  [I was ca r r i ed  out 
in o rde r  to assign the signals in the 1~C NMR spec t rum of II (Table 1), since only the signals re la ted  to the 
C2, C3, C4, C 9, and C10 atoms could be previous ly  assigned by means of the l i t e ra tu re  data  [2] and data f rom 
the spec t r a  with incomplete decoupling of the protons.  Deutero der ivat ive  II was obtained by condensation of 
2,2,6,6-d4-cyclohexanone with methyl  2-[N-(1-phenylethyl)amino]propionate:  

D 0 

D + C-H CH(CII3)NHCH2CH,COOCH 3 . . . .  i 11 I\\II(D) 

. . . .  ~.N.~ 
o o  J D' 

CH(CH3~C~H 5 

II 

In conformity  with the scheme,  it was assumed that  the reac t ion  proceeds  with the format ion  of enamino 
ketone II, which contains deu te r ium atoms only in the 8 position. However,  in the spec t rum of deutero  der iva-  
t ive II we observed a sharp  d e c r e a s e  in the intensi t ies  of the two signals at 26.9 and 35.3 ppm. 

F o r  a more  detai led analysis  of the composi t ion of the i so topomers  we measured  the t r ip le  I'~C-(1H, 2H} 
NMR spec t ra  (see [3] for  the method used to c a r r y  out these  exper iments) .~  It is apparent  f r o m  the spec t rum 
presented  in Fig.  1 that t h ree  signals of unequal intensity were  observed at 26.9 and 35.3 ppm. In conformity  
with the 13C a - i s o t o p i c  shifts (--0.35 ppm) due to r ep lacement  of hydrogen by deu te r ium [4]. these  signals can 

* Communication 1 from the series ~Methylated cis-enamino ketones.,' 
The triple {ISC--IH, 2H} NMR spectra were measured with the participation of Yu. K. Grishin and V. A. 

Chertkov.  

M. V. Lomonosov Moscow State Univers i ty ,  Moscow 117234. Trans la ted  f rom Khimiya Geterots ikl icheskikh 
Soedinenii,  No. 6, pp. 780-784, June,  1982. Original a r t ic le  submitted November 2, 1981. 
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Fig.  1. 13C NMI:I spec t ra  of enamino 
ketone II at 20-40 ppm: a) undeuter-  
ated II, 13C-{IIt} conditions; b) 
deuterated derivat ive II, 13C-{1H, 2H} 
conditions. 

be assigned to i so topomers  that contain CH2, CHD, o r  CD 2 f ragments .  Since the signal at 35.3 ppm was previ-  
ously assigned to the C 3 atom, the remain ing  signal at 26.9 ppm was assigned to the C 8 atom. It should be 
noted that the signals at 22.3 and 41.9 ppm display a smal l  ( ~ -  0.1 ppm) splitting due to f l - i so topic  effects 
[4]. This makes it possible to ass ign the indicated signals to the C 7 and C 2 atoms, respect ively .  The r emain -  
ing signals at 21.5 and 21.9 ppm should be assigned to the C 5 and C G atoms; however,  their  mutually unam- 
biguous assignment  has not yet  been established. 

Thus a study of the spec t ra  of deutero derivat ive II made it possible to almost  completely assign the 
signals in the 13C NMR spec t rum of II. It was s imultaneously ascer ta ined that the condensation scheme pre-  
sented above proceeds with the format ion of compounds that contain deuter ium not only in the 8 position but 
also in the 3 position. 

Deuter ium exchange in enamino ketone II also takes place at 20~ when it is allowed to stand for a week 
in D20-d ioxane  or in C2H~OD in the presence  of catalyt ic  amounts of POCI 3 or  C2H5ONa, and a mixture of 
mono-,  di- ,  t r i - ,  and te t radeutero  der ivat ives  of enamino ketone ~I was formed; the degree of deuterat ion 
reaches  50-60%. We must also note that r emova l  of the proton of the N-benzyl type was not observed.  

The format ion of a mixture of polydeuterated enamino ketones II in protie media constitutes evidence 
for  a ra ther  complex generat ion scheme and different react iv i t ies  of the aza anionic s t ruc tures .  To ascer ta in  
the direct ion of deprotonation and the possibil i ty of ca r ry ing  out planned electrophil ic  substitution in this se r ies  
of compounds we made a detailed study of the methylation of 1-benzyl-Ag, l~ (I) in aprot ic  
media in the presence  of s t rong bases.  

The methylation of enamino ketone I with methyl iodide takes place only when two to three  equivalents 
of lithium diethylamide are used; the degree of metallation, which was determined by t rea tment  of the lithium 
derivat ive of enamino ketone I with e x c e s s  D20  , reaches  only 63%. F r o m  an analysis of the 13C NMIR and mass -  
spec t rome t r i c  data we established the presence  of deuter ium in the 3 position of enamino ketone I. Methylation 
with methyl iodide of the lithium der ivat ive of enamino ketone I obtained by the action of two equivalents of 
li thium diethylamide in t e t rahydrofuran  (THF) gave 1-benzyl -2-methyl -Ag, i~  (III) (53%), 
the s t ruc ture  and the position of the methyl group in which were established by compar ison c~ the spect ra l  and 
chromatographic  cha rac te r i s t i c s  with those of enamino ketone HI obtained by alternative synthesis .  

The use of a threefold to fourfold excess  of li+hium diethylamide leads to an increase  in the yield of 
enamino ketone llI to 85%. The nature of the aprotic  solvent (TKF, ether,  and benzene; a dec rease  in the yield 
of III to 30% is observed in hexane), the size of the grouping in the lithium amide (lithium diethyl- ,  d i i sopropyl- ,  
and dicyelohexylamides),  the t empera tu re  ( -  70, 0, and +20~ and the metallation t ime (30 min to 6 h) have 
virtually no effect on the di rect ion of methylation. Because of the low solubility of the lithium derivat ive of 
enamino ketone I obtained f r o m  lithium dicyelohexylamide,  in dimethoxyethane the format ion of 1-benzyl -3 ,3-  
dimethyl-A~,l~ (IV) becomes  the chief react ion pathway; in addition to this,  enamino 
ketone Ill and 1-benzyl -3 ,3 ,8- t r imethyl -Ag, l~  (V) are  also formed.  
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TABLE i. lSC Chemical Shifts (5, ppm) of Substituted Ag,i~ 

hydro-  4- quinolo ne s* 

[Position 
Corn- Iof the 
pound ~nethyl C~ 

~groups 

I - -  48,4 
II 41,9 

III 3 54,7 
IV 3, 3 60,7 
V 3, 3, 8 59,8 

VI 8 48,2 

* Solutions in CDC13. 

Ca 

35,4 
35,3 
37,8 
39,0 
38,7 

35,5 

C4 

189,9 
189,6 
192,4 
196,2 
196,6 

191,1 

C5 C6 

21,8 21,5 
21,9 21,5 
21,7 21,4 
22,2 22,0 
22,0 19,9 

21,9 19,8 

C7 

22,1 
22,3 
21,9 
22,5 
29,2 

29,4 

C~ 

27,0 
26,9 
26,6 
27,2 
30,0 

29,9 

C~ Clo 

159,5 106,8 
158,5 107,0 
158,1 105,5 
157,9 105,0 
162,1 103,6 

164,0 1106,1 

CH3 

12,6 
22,5 
22,7 
17,0 
16,9 

o o 

Cil~Call 5 Cl1:C~ll: 

ill i . ~ \  

11 

i I 
CU~ CH2C6H 5 

Vl 

O O 

II /CH3 + ~ 7  CH:s 

c ll2(;lill 5 Clla c ii,2c5 tl 5 

i v  y 

Another methylation pathway, which leads to substitution in the 8 position, is real ized in the case of the 
r e v e r s e  addition of 0.9 of an equivalent of li thium diethylamide to one equivalent of I and subsequent methyla-  
tion; 1-benzyl -8-methyl -Ag, i~  (VI) was is61ated in 30% yield. An increase  in the amount 
of the base to three equivalents again leads to methylation only in the 3 position. The format ion of only 8- 
methyteneamino ketone VI is also observed in the case of success ive  t rea tment  of enamino ketone I with 2.5- 
4 equivalents of the lithium d ie thy lamide-hexametapo l  complex in a ra t io  of 1 : 1  in TIFF and methyl iodide. 

The s t ruc ture  of enamino ketones III-VI and the position and number of methyl groups were established 
by means of t'~NMR spec t roscopy  (Table 1). The assignment  of the protons was made with the aid of the spec t ra  
with incomplete decoupling of the protons and by compar ison of the chemical  shifts in the spec t ra  of the un- 
substituted and substituted compounds. 

The classif icat ion of III-VI as c i s -enamino ketones was confirmed by the presence  of the readi ly identi- 
fiable (spectrally) enamino ketone chromophore  [5]; the addition react ions  that are cha rac te r i s t i c  for enamino 
ketones were  not observed.  

Thus the data obtained constitute evidence for a significant increase  in the regioselec t iv i ty  of e lec t ro-  
philic substitution in aprotic media and the possibil i ty of ca r ry ing  out the methylation of enamino ketone I in 
the 3 and 8 positions with 100% regioselect ivi ty .  

In conformity with the data obtained, it may be assumed that monodeprotonation of enamino ketone I 
under the influence of s t rong bases in aprotic media under kinetieally controllable conditions (substitution in 
the 3 position) proceeds with the format ion  of aza anion A, whereas  it takes place with the format ion  of aza 
anion B under thermodynamical ly  controllable conditions (substitution in the 8 position): 

0 0 0 

I I - I 
CH2C6H s CH~C6H 5 CH~%tt s 
A 1 B 

E X P E R I M E N T A L  

The IR spec t ra  of f i lms and mineral  oil suspensions of the compounds were  recorded  with a UR-20 spec-  
t r ome te r .  The UV spec t ra  of solutions of the compounds in ethanol were  recorded  with Cary-15 and Specord 
spec t rophotometers .  The i3c NMR spec t ra  of solutions in CDC13 were  r ecorded  with CFT-20 and XL-100 
spec t rome te r s .  The mass  spec t ra  were obtained with an MKh-1303 mass  spec t rome te r .  
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1-Benzy l -  (I) and 1 -a -pheny le thy l -Ag , l~  (II) were  obtained by the method in [5]. 

2 ,2 ,6 ,6 -Te t radeu te rocyc lohexanone .  This  compound was obtained in 92% yield by deutera t ion  of 0.2 mole 
of cyclohexanone with 50 ml of D20 containing 36 mmole  of POC13 for  3 days  at 20~ The reac t ion  mixture  
was neutra l ized with dry  KHCO 3 and ex t rac ted  twice with CH2C12, and the ex t rac t  was dr ied with MgSO4. 
Deute ra t ion  was repea ted ,  and the mix ture  was worked up s i m i l a r l y  and dist i l led in vaeuo at 88-90~ (15 ram) 
to give a mix ture  of 5% 2 ,2 ,6 - t r ideu te ro -  and 92% 2 ,2 ,6 ,6- te t radeuterocyc lohexanone  according to mass  spec-  
t r o m e t r y  and PMR spec t roscopy .  

P r e p a r a t i o n  of a Mixture of [ so topomers  of Mono-,  Di- ,  T r i - ,  and Te t r adeu te ro  Der iva t ives  of 1-(1-  
Phenyle thy l ) -AgJ~  A) A mix'cure of 68 mmole  of t e t radeu te rocye lohexanone ,  34 mmole  
of methyl  2- [N-(1-phenyle thyl )amino]propionate ,  10 ml of absolute xylene,  and a cata lyt ic  amount of CF3COOH 
was ref luxed for  20 h in a D e a n - S t a r k  appara tus ,  af ter  which the solvent  and excess  eyclohexanone were  r e -  
moved in vacuo,  and hexane was added to the res idue .  The resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion to 
give 2.1 g (24%) of a mix ture  of 19% mono- ,  42% di - ,  32% t r i - ,  and 7% t e t r adeu t e ro  de r iva t ives  of II (according 
to m a s s  s p e c t r o m e t r y )  with mp 115-116~ ( f rom hexane) and Rf 0.6 [benzene-  acetone (1 : 1), Silufol]. 

B) A mix ture  of 10 mmole  of enamino ketone II, 17 ml  of D20, and 5 mmole  of FOC13 in 50 ml of absolute 
dioxane was maintained at 20~ for  6 days,  a f ter  which it was  neutral ized with solid Na2CO 3 and evapora ted  in 
vacuo to a volume of 2-3 ml.  The concent ra te  was ex t rac ted  with CHC13, and the ex t rac t  was dr ied with MgSO4o 
The solvent  was r emoved ,  and the res idue  was r e c r y s t a l l i z e d  f r o m  heptane to give 0.9 g (36%) of a mix ture  
of 30% mono- ,  42% di- ,  31% t r i - ,  and 2% t e t r adeu te ro  de r iva t ives  of enamino ketone II with mp 115-116~ 

C) A mix ture  of 2 mmole  of enamino ketone II and 20 mmole  of C2H~NaO in 9 ml of C2HsDO was maintained 
at r o o m  t e m p e r a t u r e  for  6 days,  a f ter  which the solvent was r emoved ,  3 ml of D20 was added to the res idue ,  
and the mix tu re  was ex t rac ted  with CHC13. The ex t rac t  was dr ied with MgSO4, the solvent was r emoved ,  and 
the r e s idue  was r e c r y s t a l l i z e d  f r o m  heptane to give 0.3 g (60%) of a mix ture  of 28% di - ,  40% t r i - ,  and 32% 
te t radeu~ero  de r iva t ives  of enamino ketone IL 

Typica l  Method for  the Methylat ion of Enamino Ketone I. A solution of one equivalent of enamino ketone 
I in THF was  added a t -  5~ in an argon a tmosphe re  to a solution of th ree  equivalents  of l i thium diethylamide 
in absolute THF. Af ter  30 min, the mix tu re  was t r ea ted  with two equivalents  of CH3I, and the resu l t ing  mix-  
tu re  was s t i r r e d  at 20~ for  2 h. The solvent  was r emoved ,  e ther  was added, and the mixture  was decomposed  
with wa te r  at 0~ The mix ture  was ex t rac ted  with ch lo ro fo rm (three 10-ml  portions}, and the ex t rac t  was 
dr ied  with MgSO 4. The solvent  was r e m o v e d ,  and the enamino ketone was isolated by means  of column chro-  

matography  on A120~ or  SiO 2. 

1 -Benzy l -3 -me thy l -Ag , l~  (IID. A) Methylation of 0.19 g (0.8 mmole)  of enamino 
ketone I gave 0.11 g (85%} of enamino ketone III with mp 97-98~ ( f rom heptane) and Rf 0.5 [ benzene -a ce to n e  
(4: 1), Silufol]. I1~ s p e c t r u m  (minera l  oil): 1630 and 1568 cm -1. UV s p e c t r u m  (in ethanol): ~max 333 nm (e 
14,800). Found: C 80.0; H 8.3%: M (mass  spec t rum)  255~ Cl~H21NO. Calculated: C 80.0; H 8.3%. 

B) A mix tu re  of 10.7 g (0.1 mole) of benzylamine  and 7~ g (0.075 mole) of methyl  me thac ry la t e  in 100 
ml  of CH3OH was ref luxed for  7 h, a f te r  which the solvent  was r emoved ,  and the res idue  was dist i l led in vacuo 
to give 7.5 g (50%) of methyl  3 -benzy l amino -2 -me thy lp r ip iona t e  [6] with bp 150-152~ (10 ram) and n~ 1.5021. 
IR s p e c t r u m  (film): 3340, 1748, and 1732 em -1. 

C) A mix tu re  of 3.2 g (16 mmole)  of the amino e s t e r  obtained, 29.4 g (0.3 mole) of cyclohexanone,  five 
d rops  of CF3COOH, and 30 ml of absolute xylene was ref l~xed in a D e a n - S t a r k  appara tus  for  5 h, af ter  which 
the solvent  and excess  cyclohexanone were  removed  in vacuo, and the res idue  was cooled to 0 ~ and t r ea t ed  
with 15 ml of heptane.  The prec ip i ta ted  c ry s t a l s  were  r emoved  by f i l t ra t ion  to give 3.3 g (80%) of enamino 
ketone III, which with r e s p e c t  to its spec t r a l  and ch romatograph ic  p rope r t i e s  was identical  to the sample  of 
enamino ketone III obtained by methyla t ion  of enamino ketone I; no mel t ing-point  dep re s s ion  was observed  for  
a mix tu re  of the two sample s .  

1 -Benzyl -3 ,3-d imethyl -A9,1~  (IV). Methylat ion of 0.67 g (2.8 mmole)  of enamino 
ketone I with CH3I in the p r e s ence  of 8.4 mmole  of l i thium dicyclohexylamide  in 18 ml of dimethoxyethane gave 
a mix tu re  of enamino ketones  III and IV and 1-benzyl -3 ,3 ,8- t r imethyl -A9,1~  (V), which 
was  s epa ra t ed  by means  of column chromatography  on SiO 2 by success ive  elution with benzene and b e n z e n e -  
ethyl ace ta te  mix tu res  (10: 1, 9: 1, 8: 1, and 6 : 1) to give 0.16 g (22%) of enamino ketone III with mp 87-98~ 
( f rom heptane) and 0.34 g (45%) of enamino ketone IV with mp 120-121~ ( f rom heptane) and Rf 0.6 [benzene-  
ethyl ace ta te  (4: 1), Silufol]. IR s p e c t r u m  (minera l  oil): 1623 and 1565 cm -1. UV s p e c t r u m  (in ethanol): 

592 



}̀  max 338 nm (e 16,200). Found: C 80.6; H 8.8; N 5.4%; M (mass  spec t rum)  269. C18H23NO. Calculated: C 
80.3; H 8.6; N 5.2%. Also isolated was 0.12 g (15%) of enamino ketone V with mp 153-154~ ( f rom heptane).  
IR s p e c t r u m  (minera l  oil): 1632 and 1570 cm -1. UV s p e c t r u m  (in ethanol): }̀  max 338 nm (e 13,900). Found: 
C 80.1; H 8.7%; M (mass  spec t rum)  283. C19H25NO. Calculated: C 80.5; H 8.9%. 

1 -Benzy l -8 -me thy l -AgJ~  (VI). A) A solution of 9.22 g (0.9 mmole)  of enamino 
ketone I in 5 ml  of THF was t r ea t ed  succes s ive ly  a t -  5~ with 0.885 mmole  of l i thium die thylamide  in THF and 
0.9 mmole  of CH~I in 2 ml  of THF.  The usual workup and column chromatography  on SiO 2 with elat ion with 
b e n z e n e - e t h y l  aceta te  (6: 1) gave 0.077 g (34%) of enamino ketone VI with mp 64-65~ ( f rom pentane) and Rf 
0.4 [ b e n z e n e - a c e t o n e  (4: 1), Silufol]. IR s p e c t r u m  (in m ine ra l  oil): 1629 and 1562 cm - i .  UV s p e c t r u m  (in 
ethanol): }'max 342 nm (e 8500). Found: C 80.3; H 8.4%; M (mass  spec t rum)  255. C17H21NO. Calculated: 
C 80.0; H 8.3%. Also isolated was 0.11 g (50%) of s t a r t ing  enamino ketone I. 

B) Methylat ion of 0.12 g (0.5 mmole)  of enamino ketone I in the p re sence  of 2.5 mmole  of the l i thium di- 
e t h y l a m i d e - h e x a m e t a p o l  complex in a ra t io  of 1 : 1  in 10 ml of THF gave 0.05 g (40%) of enamino ketone VI 
with mp 64-65~ ( f rom pentane) and 0.05 g (43%) of enamino ketone I. 

1 -Benzy l -3 -deu te ro -A%l~  A solution of 0.5 g (2.1 mmole)  of enamino ketone I 
in 3 ml of THF was added to a solution of 6 mmole  of l i th ium die thylamide in 30 ml of TIFF, and the r eac t ion  
mix tu re  was t r e a t ed  with 5 ml of D20 af ter  30 min. The resu l t ing  crude enamino ketone was purif ied with a 
shor t  column fil led with A120~ by elution with b e n z e n e -  ethyl acetate  (1 : 1) to give 0.41 g (82%) of enamino 
ketone I, which, accord ing  to mass  s p e c t r o m e t r y ,  was a mixture  of 34% of enamino ketone I and 57% of its 
3 - r e .no  de r iva t ive  and 9% of its dideutero der iva t ive .  
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