
M A N N I C H  R E A C T I O N  IN A S E R I E S  

O F  S I X - M E M B E R E D  H E T E R O C Y C L I C  T - K E T O N E S  

VIII.* STRUCTURES OF THE PRODUCTS OF AiVIINOMETHYLATION 

OF 2,2-DIMETHYL-4-OXOTETRAHYDROPYRAN, 2,2-DIMETHYL-4-  

OXOTETRAHYDROTHIOPYRAN, AND 1,2 ,2-TRIMETHYL-4-  

OXOPIPERIDINE 

E .  T .  G o l o v i n ,  B. M. G t u k h o v ,  UDC547.811 '818 '824:542.958.3:543.422.25 '51 
L.  S. B o t s m a n ,  a n d  T .  V. B u r d e l e v a  

It was es tabl ished by PMR spec t roscopy  and mass spec t rome t ry  that the aminomethylat ion of 
2,2- dimethyl-s  ubstituted oxygen-,  s ulfur- ,  and ni t rogen-containing s i x -membered  cycl tc y -  
ketones gives the corresponding 5-aminomethyl  der ivat ives .  

In our preceding communications [1, 2] we showed that the or ientat ion of the Mannich reac t ion  in a 
se r i e s  of sa tura ted  cycl ic  ketones depends to a marked degree  on the number of alkyl substttuents and thei r  
posit ion re la t ive  to the earbonyl group. 

In o rde r  to asce r ta in  the effect  on the specif ic i ty  of the Mannich reac t ion  of two methyl substi tuents 
in the fi posit ion re la t ive  to the carbonyl  group as well as the charac te r  of the he te roa tom (O, S, N) in the 
r ing,  we studied the s t ruc tu re s  of the products  of aminomethylat ion of 2 ,2 -d imethyl -4-oxote t rahydropyran  
(I) [3], 2 ,2-d imethyl -4-oxote t rahydroth iopyran  (II) [4], and 1 ,2 ,2- t r imethyl -4-oxopiper id ine  (III) [5]. Ketones 
I and II have been prevEously subjected to aminomethylat ion,  but the s t ruc tu re s  of the amino ketones ob- 
tained have not been establ ished [6], 

The aminomethylat ion of ketones I-Il l  was accomplished both in acidic and alkaline media by means 
of a 33% aqueous solution of dimethylamine or its hydrochlor ide  and 30% formalin.  In both cases the r e -  
action proceeds  with the participatEon of only one of the two methylene groups adjacent to the carbonyl 
group on the side of the he te ror ing  opposite the methyl substi tuents and gives, respec t ive ly ,  2 ,2-dimethyl-  
5-d[methylaminomethyl -4-oxote t rahydropyran  (IV) (71% yield in acidic media and 44% yield in alkaline me-  
dia), 2 ,2-d imethyl -5-d imethylaminomethyl -4-oxote t rahydro th iopyran  (V) (68% yield in acidic media),  and 
1 ,2 ,2- t r imethyl -5-d imethylaminomethyl -4-oxopiper id ine  (VI) (61% yield in alkaline media). 

It is well known [7, 8] that the pH of the medium has a large effect on the ra te  and yields of the Man- 
nich react ion.  The aminomethylat ion of ketones of neutra l  cha rac te r  ( te t rahydropyranones and t e t rahydro-  
thiopyranones) proceeds  well  both in acidic and alkaline media.  In the case of acid catalysis ,  heating of the 
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*See [1] for  communication VII. 
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mixture of reagents  at 80-100 ~ for 8-10 h is n e c e s s a r y  to obtain high yields of the react ion product.  At the 
same time, the aminomethytat ion of pipertdlones can be accomplished in high yields only in alkaline media. 
However, in alkaline media the reac t ion  with any of the investigated ketones proceeds  very  vigorously and 
is accompanied by pronounced warming up of the react ion mixtures ,  and this leads to resinif icat ton and a 
decrease  in the yield of the desi red product.  

The s t ruc tures  of amino ketones IV-VI were established by mass spec t rome t ry  and PMR spec t ros -  
copy. The mass  spec t ra  of the investigated compounds contain peaks of the s t ruc ture  of the fragment  ion 

+ 
charac te r i s t i c  for them with m /e  84 CH2:CH--CH:N(CH3)2 ,  and peaks with m/e  58 of the immonium ion 

CH2:N (CH3)2. Fragments  of alternative s t ruc ture  are  absent. 

The PMR spectra of amino ketones IV-VI at 5 1.12-1.17 and 1.18-1.23 ppm contain two singlet res- 
onance signals of the protons of the axial and equatorial methyl groups in the 2 position and two quartets of 
the axial (3.40-3.55 ppm) and equatorial (4.07-4.23 ppm) 6-H protons. It is not possible to determine the 
signal of the 5-H proton, inasmuch as the signals of the 3-H protons are superimposed on it at 2.30-2.69 
ppm. The spin-spin coupling constants (SSCC) of the 6-Ha and 6-He protons with the vicinal 5-H proton, 
obtained f rom their  signals by direct  measurement  (J~-Ha,5-He = 7 Hz and J0-Ha,5-He = 5 Hz, as compared with 
J6-Ha,G-He =12 Hz) and calculated by the s tandard method (7.01 and 4.99 Hz) [9], constitute evidence that 
amino ketones IV-VI exist in carbon te t rachlor ide  solution in conformational  equil ibrium (a~-b) or in the 
flexible twist form. 

An additional proof of the s t ruc ture  of Mannich bases IV-VI can be obtained by exhaustive Hofmann 
methylation [10] through cleavage of their quaternary  ammonium salts.  Thus, for example, the methiodide 
of amino ketone IV was converted to the known 2 ,2 - t r imethy l -4 -oxote t rahydropyran  (VII) [11] by reducttve 
deamination. 
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The mass spec t ra  of amino ketones IV-VI were obtained with an MKh-1303 spec t romete r  at an ion- 
i z i n g - e l e c t r o n  energy of 30-40 eV. The PlVIR spec t ra  of solutions of IV-VI in CC14 were recorded  with RF-  
60 and Varian HA-100 spec t romete r s  with te t ramethyls i lane  as the internal standard.  Chromatography of 
the compounds in a thin layer  of loose activity II A1203 was car r ied  out with pe t ro leum e t h e r - e t h e r  in the 
ra t io  indicated in parentheses  after  the Rf values. 

2 ,2-Dimethyl -5-d imethylaminomethyl -4-oxote t rahvdropyran  (IV). A) A mixture of 12.8 g (0.1 mole) 
of oxotet rahydropyran I, 12 g (0.15 mole) of dimethylamine hydrochloride,  18.5 ml (0.02 mole) of 30% fo r -  
malin, and 10 ml of methanol, acidified with five drops of concentrated hydrochlor ic  acid, was heated at 
100 ~ for 8 h, after  which the methanol was removed by distillation, and the aqueous residue was t rea ted  
with ether.  The ether extract  was worked up to give 1.4 g (11%) of unchanged pyranone I. The acidic aque- 
ous solution was made alkaline with 40% NaOH solution, and the base was extracted repeatedly with ether.  
The extract  was dried with MgSO4, the ether was removed  by distillation, and the residue was vaeunm-f rac -  
tionated to give 13.2 g (71%) of the amino ketone [6] with bp 77-81 ~ (2 mm), nD 2~ 1.4654, and Rf 0.51 (1:2).  
Mass spec t rum:  m / e  58, 84, 98, 125, and 185 (M+). The methoidide had mp 208-209 ~ (from alcohol). 
Found: I 39.0, 39.1%. CI1H22INO 2. Calculated: I 38.8%. The hydrochloride had mp 143-144 ~ [from a l coho l -  
acetone (1:3)]. Found: C1 16.1; 16.2%. C10H19NO2"HC1. Calculated: C1 16.0%. Aminoketone IV, isolated 
f rom the salt  by t rea tment  with aqueous 40% NaOH and extract ion with ether,  began to crys ta l l ize  after r e -  
moval of the ether by distillation to give a product  with mp 74-75 ~ (from hexane). 

In an attempt to aminomethylate te t rahydropyranone I by means of dtmethylamine hydrochloride and 
paraformaldehyde with methanol and ethanol as the solvents we r ecove red  unchanged pyranone I even upon 
prolonged refluxing of the solutions. 
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B) A 38.4-g (0.3 mole) s ample  of pyranone I was added dropwise in the course  of 20 rain to a cooled 
(to 0-5 ~ mix ture  of 62 ml (0.4 mole) of 33% dimethylamine and 37 ml (0.4 mole) of 30% formal in ,  a f te r  
which the mixture  was s t i r r e d  at 20 ~ for  3 h. It was then acidified to pH ~ 2 with hydrochlor ic  acid, and the 
neutra l  subs tances  were  ex t rac ted  with e ther .  Workup of the ex t rac t  yielded 10.5 g (27%) of pyranone I. An 
aqueous solution of the base  was worked up in the usual manner ,  and vacuum dist i l lat ion gave 24.8 g (44%) 
of aminopyranone IV with bp 90-95 ~ (3 mm),  nD 2~ 1.4605, and Rf 0.51 (1:2).  The hydrochlor ide  had mp 143- 
144 ~ and no mel t ing-point  depress ion  was obse rved  for  a mixture  of it with the sa l t  obtained in exper iment  
A. 

2 ,2 -Dimethy l -5 -d ime thy laminomethy l -4 -oxo te t r ahydro th iopyran  (V). In analogy with exper iment  A, 
20.5 g (68%) o faminoke toneV [6], with bp 73-75 ~ (1 mm),  and 2 g (10%) of s t a r t ing  thiopyranone II were  ob-  
tained f r o m  21.6 g (0.15 mole) of oxote t rahydroth lopyran  II, 16 g (0.2 mole) of d imethylamine hydrochlor ide ,  
and 28 ml (0.3 mole) of 30% formal in  in the p r e sence  of 15 ml  of methanol and five drops of concentra ted 
hydrochlor ic  acid. The reac t ion  product  began to c rys ta l l i ze  comple te ly  to give a product  with mp 45-46 ~ 
(from hexane) and Rf 0.64 (1 : 1). Mass spec t rum:  m / e  58, 84, 101, and 201 (M+). The methiodide had mp 
241-242 ~ (from a l coho l - ace tone ) .  Found: I 37.3; 37.4%. ClIH22INOS. Calculated:  I 37.1%. The hydro-  
chloride had mp 148-149 ~ (from a l coho l - ace tone ) .  Found: C1 14.7; 14.6; N 6.2; 6.1%. CIoH19NOS �9 HC1. 
Calculated: C1 14.9; N 5.9%. 

1 ,2 ,2 -Tr ime thy l -5 -d ime thy laminomethy l -4 -oxop ioe r id ine  (VI). A solution of 10 g (0.12 mole) of di- 
methylamine  hydrochlor ide  in 14 ml (0.15 mole) of 30% formal in  was added dropwise with cooling and s t i r -  
r ing  to 14.1 g (0.1 mole) of oxopiperidine III at such a r a t e  that the t e m p e r a t u r e  of the mixture  did not r i s e  
above 5 ~ The mix ture  was then held at 0 ~ for  1 h, at'ter which it was sa tu ra ted  with p o t a s s i u m  carbonate  
and ex t rac ted  with e ther .  The ex t rac t  was dr ied with MgSO4, the e ther  was r emoved  by disti l lation, and the 
res idue  was vacuum-dis t i l l ed  to give 12.2 g (61%) of amino ketone VI with bp 96-103 ~ (3 mm) ,  d420 0.9496, 
and nD 2~ 1.4745. Found: C 66.8; 66.9; tt 11.5; 11.4; N 13.8; 13.8%; M:R D 58.66. ClltI22N20. Calculated: C 
66.6; H 11.2; N 14.1%; MR D 58.36. Mass spec t rum:  m / e  58, 84, 138, and 198 (M+). The dimethiodide had 
mp 192-194 ~ ( f rom alcohol). Found: I 52.8; 52.9; N 6.5; 6.3%. C13H2812N20. Calculated: I 52.6; N 5.8%. 

The reac t ion  did not take place  in acidic media  even on prolonged ref luxing of the solution of hydro-  
chlorides of piperidione III  and dimethylamine in formal in .  

. 2 , 2 , 5 - T r i m e t h y l - 4 - o x o t e t r a h y d r o p y r a n  (VII). A 20-g sample  of 50% NaOH solution was added to a 
solution of 5 g of the methiodide of amino ketone IV in 50 ml  of water ,  a f te r  which 6 g of powdered nickel - 
a luminum alloy was added in sma l l  por t ions  with s t i r r ing  and cooling (0~ The mixture  was then s t i r r e d  
at 20 ~ for another 2 h, a f te r  which it was acidif ied to pH ~2  with HC1, and the reac t ion  product  was ex-  
t r ac t ed  repea ted ly  with e ther .  The ex t rac t  was dried with MgSO4, the e ther  was r emoved ,  and the res idue  
was vacuum-dis t i l l ed  to give 1.3 g (61%) of pyranone VII [10] with bp 64-67 ~ (12 ram) and nD 2~ 1.4450. The 
2 ,4-dini t rophenylhydrazone had mp 149-150 ~ (from alcohol).  No mel t ing-point  depress ion  was obse rved  for 
a mix tu re  of this product  with a genuine sample .  
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