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Amtnomethyla t ion  of 2 ,2 -d ime thy l -4 -oxo te t r ahydropyran  gave a number  of its aminomethyl  
de r iva t ives ,  which were  conver ted  to t e r t i a r y  T -amino  alcohols  by phenylation. The individ-  
ual s t ruc tu ra l  and g e o m e t r i c a l  i s o m e r s  we re  isolated,  and the i r  s t r uc tu r e s  were  e s t a b -  
l ished by m a s s  s p e c t r o m e t r y  and PMR and IR spec t roscopy .  

The synthes is  of f l - amino  ketones and T -amino  alcohols of the t e t r ahydropyran  s e r i e s  was undertaken 
in o rde r  to obtain e s t e r s  designated for  pha rmaco log ica l  study of the i r  anes thet iz ing activity.  

Aminomethyla t ion  of 2 ,2 -d ime thy l -4 -oxo te t r ahydropyran  (1) [2] with 30% formal in  and secondary  
amine  hydrochlor  ides gave 2 ,2 -d imethy t -  5 -amEnomethy l -4 -oxote t rahydropyrans  (II- VII). 

It 3 {:;H3 I H I/zC 

I c 2 ~ f i  / ii-v,,~ , r  . - v .  b 

OH CH s , ~] 

1 "~ " I / ' ~  ..~, "e% /"o e% 
CH,NR:~ p..aNC~12 " C":L .'//~N P-~ 
-){IV, g.V II-VII C VIII -XIII  

II, VIII, XIV NR2-~N(C~Hs)2; III, IX NR2~N(C3H7)2; IV, X NR~=N(C4Hg)~; V, XI 
NR2=N(CH2)s; VI, XII, XV NR2~N(CH2)8; VII, XIII NR2~N(CH2CH2)20 

Analys is  of the r eac t ion  products  by means  of th in - l aye r  ch romatography  (TLC) showed that  only one 
s t ruc tu ra l  i somer  of the cor responding  amino ketone (II-VII) is fo rmed  in all  cases  (Table 1). 

The s t ruc tu re s  of amino ketones I I -VII  were  conf i rmed  by their  PMR s p e c t r a  an+d m a s s  spec t r a  (in 
the case  of II and VI). The m a s s  s pec t r a  contain peaks  of characSer is t ic  CH 2 =CHCH2N (C2H5) 2 f ragment  
ions ( m / e  113) in the case  of amino ketone I I  and of CH2=CHCH~o ~ (CH2) 6 f ragment  .ions ( m / e  139) in the 
case of amino ketone VI and peaks  with m / e  86 and 112 of CH 2 =N(C2Hs) 2 and CH 2 =~(CH2) 6 immonium ions, 
a long with molecu la r  ion peaks  with m / e  213 and 239. 

F ragmen t s  with a ! te rna t tve  s t r u c t u r e s  of the amino ketones a re  absent  in the m a s s  spec t ra .  Thus it 
was  es tab l i shed  that the aminomethyla t ion  of 2 ,2 -d imethyl - subs t i tu ted  ketone I, r e g a r d l e s s  of the cha rac t e r  

* See [1] for  communica t ion  VIII. 
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of the enter ing aminomethyl  group, proceeds  s t ruc tura l ly  specifically with the part icipat ion only of the meth-  
ylene group opposite the methyl  substituents in the heterocycl ie  ring. As we have previously shown (for 
example,  see [1,3]), the orientation of the Mannich react ion depends exclusively on the s t ruc ture  of the 
s tar t ing ketone, namely,  on the number and position of alkyl substituents in the ring. 

The PMR spec t ra  of amino ketones II and VI contain two singlet resonance signals (6 1.12 and 1.18 
ppm) of the protons of the axial and equatorial  methyl groups in the 2 position and two quartets  of the axial 
(8 3.50 ppm) and equatorial  (6 4.10 ppm) 6-H protons.  The values of the vicinal constants of s p i n - s p i n  
coupling of the 6-H protons with the 5-H vicinal protons (Jtrans =6.5-7.0 Hz and Jcis  =4.5-5.0 Hz with 
J6Ha, 6He = 12 Hz) constitute evidence that amino ketones H-VII in carbon te t rachlor ide  and benzene either 
exist  p r imar i ly  in the flexible (twist) form I Ic -v i Ic )  or that they exist in a conformational  equil ibrium 
(a~--b), inasmuch as the t rans -v ic ina l  constants have an averaged value. In this case,  in the determination 
of J [3] it is probably also neces sa ry  to take into account the change in the dihedral angles and the distortion 
of the chair  fo rm in the te t rahydra l  pyranone as compared with the ideal cyclohexane sys tem due to the 
t r igonal  carbon atom of the carbonyl group and the oxygen heteroatom. 

Amino ketones II-VII were converted to the corresponding 2 ,2-d imethyl -4-phenyl -5-aminomethyl -4-  
hydroxyte t rahydropyrans  (VIII-XIII) by phenylation with phenyllithium; mixture of two s t e reo i somer ic  amino 
alcohols in which one of the i somers  predominates  are  formed in this case. A single amino alcohol (XIII) 
is formed only f rom amino ketone VII. The individual geometr ica l  i somers  of amino alcohols VIII-XIII 
(Table 2) were obtained by crysta l l iza t ion of the bases.  In two cases  we were able to isolate the second 
three-d imens ional  i somers  of amino alcohols XIV and XV by means of prepara t ive  TLC of the mixture of 
bases  on aluminum oxide (the percentage of these i somers  in the mixture does not exceed 5%). 

A conclusion regard ing  the three-d imensional  s t ruc tures  of amino alcohols VII-XV was drawn on the 
basis  of the IR spec t ra  and the general  principles of conformational  analysis .  Intense absorption bands in 
the region of the s t re tching vibrations of a hydroxyl group included in an int ramolecular  hydrogen bond 
with the nitrogen atom ofanamino  group (3160-3210 cm -I) are observed in the IR spectr  a of dilute solu- 
tions of amino alcohols VItI-XIII. It is completely evident that the formation of an int ramolecular  hydrogen 
bond in cyclic T-amino alcohols between a vicinal hydroxyl group and an aminomethyl  group is possible 
only for a t rans-d iequator ia l  or c i s - equa to r i a l - ax i a l  orientat ion of these groups relat ive to one another.  
At the same t ime,  the phenyl substituent in the 4 position, which has a large effective volume, should oc-  
cupy p r imar i ly  the equatorial  posit ion [4-7]. Thus these facts speak in favor of the existence of amino 
alcohols VIII-XIII with a cis configuration of the hydroxyl and aminomethyl groups and in a p r i m a r y  con- 
formation,  in solution, with an equatorial  orientation of both the phenyl and aminomethyl groups and an 
axial orientation of the hydroxyl group. The t e r t i a ry  T-amino alcohols previously  obtained by phenylation 
of other heterocycl ic  f l-amino ketones [8] have the same three-dimensional  s t ructure .  On the ottmr hand, 
the IR spec t ra  of amino alcohols XIV and XV contain exclusively the absorption bands of a free hydroxyl 
group (3620 and 3610 cm -1, respect ively) ,  which constitute evidence for the only possible conformation of 
these amino alcohols,  in solution, with a t rans-d iaxia l  orientation of the hydroxyl and aminomethyl groups. 

It is known that s te r ic  factors  have a substantial effect on the s t e reochemis t ry  of the react ions of 
organometai l ic  synthesis .  Thus equatorial  attack of the reagent  predominates  in all of the previously  in- 
vestigated examples of the react ion of phenyllithium with cyclic ketones, and the axial epimer of the alco-  
hol is always present  in preponderant  quantities in the react ion products  [4,5]. Phenylation of s ter ical ly  
hindered amino ketones II-VII especial ly  should occur  via attack by the nucleophilic reagents  on the carbo-  
nyl group f rom the unhindered equatorial  region,  inasmuch as approach of the reagent  f rom the axial side 
is blocked by the meta-axia l  methyl substituent in the 2 position. There are  a sufficient number of exam- 
ples of this in the l i terature  (for example,  see [9, 10]. 

On the basis of the mater ia l  stated above, it can be assumed that amino alcohols VIII-XIII axe formed 
f rom conformers  of amino ketones IIb-VIIb, whereas amino alcohols XIV, XV may be formed f rom conform-  
e rs  of amino ketones IIa-VIIa.  The fact that t e r t i a ry  amino alcohols are  obtained in predominant  amounts 
in the VIII-XIII conformation but not the XIV and XV conformation can be explained by the fact that the 
fo rmer  are  thermodynamical ly  more stable as a resul t  of the formation of an int ramolecular  hydrogen bend 
and, in addition, an intermediate cycl ic  complex of the chelate type may ar ise  during their  formation f rom 
the conformers  of amino ketones Irb-VIIb through the metal  atom of the reagent ,  the nitrogen atom of the 
amino group, and the oxygen a tom of the carbonyl group. In the case of the formation of amino alcohols 
VIII-XV f rom the flexible fo rm of amino ketones IIc-VIIc,  pseudoaxial attack of the earbonyl group, which 
leads to amino alcohols VIII=XIII, proves  to be preferable  to pseudoequatorial  attack, inasmuch as the 
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s t e r i c  hindrance of the methyl  groups in the 2 posi t ion becomes  minimal  as a consequence of the i r  s y m -  
me t r i ca l  or ientat ion in the r ing ,  and the ease  of approach  of the reagent  to the carbonyl  group is de te rmined  
by the adjacent  po la r  aminomethyl  group. The insignificant par t ic ipa t ion  of the confo rmers  of amino ke-  
tones I Ia -VIIa  in the reac t ion  is also probably  a consequence of the fact  that equator ia l  a t tack is shielded 
by the adjacent  axial ly  or iented  aminomethyl  group. 

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

The PMR s p e c t r a  of  solutions of amino ketones II and ~ in carbon t e t rach lo r ide  and benzene (the 
spec t r a  of solutions of the compounds in these solvents  a re  identical} were  r e c o r d e d  with a C ~ t  S-i00A 
(100 MHz) s p e c t r o m e t e r  with hexamethyldis i loxane as the internal  s tandard.  The m a s s  spec t r a  of amino 
ket0nes II  and VI were  obtained with an 1VfKh-1303 s p e c t r o m e t e r  with an ioniz ing-e lec t ron  energy  of 30- 
40 eV~ The IR sp ec t r a  of solutions of amino alcohols VIII-XV in carbon t e t r ach lo r ide  (5" l0 -3 M) were  r e -  
corded with a UR-20 s p e c t r o m e t e r .  Th in - l ayer  ch romatography  was actdif iedto  pH'~ 2 with concent ra ted  
layer  of act ivi ty  II a luminum oxide in acetone - b e n z e n e  (1 : 5) for amino ketones I I -VII  and in p e t r o l e u m  
ether  - e t h e r  (1 : 3) for amino alcohols VIII-XV. The hydrochlor ide  sa l t s  were  obtained by addition of a 
sa tu ra ted  solution of dry  hydrogen chloride in anhydrous e ther  to a solution of the base  in e ther .  

2 ,2 -Dime thy l -5 -d ie thy laminomethy l -4 -oxo te t r ahydropyran  (II). A) A mixture  of 12.8 g (0.1 mole) of 
oxo te t rahydropyran  I, 13 g (0.12 mole) of diethylamine hydrochlor ide ,  18.5 ml  (0.2 mole) of 30% formal in ,  
and 10 ml  of methanol  was aeidified to pH2 with concentra ted  hydrochIor ic  acid,  and the mixture  was heated 
at 80-85 ~ for 8 h. The methanol  was then r e m o v e d  by vacuum dist i l lat ion,  and the res idue  was ex t r ac t ed  
with e ther .  Workup of the ex t rac t  yielded 1.2 g (10%) of unchanged pyranone I. The acidic aqueous so lu-  
t ion was sa tu ra ted  with p o t a s s i u m  carbonate ,  and the l ibe ra ted  base  was ex t rac ted  repea ted ly  with e ther .  
The e ther  ex t r ac t  was  dr ied with magnes ium sulfate ,  and the e ther  was r e m o v e d  by vacuum dist i l lat ion to 
give 12.7 g (60%) of amino ketone II  (Table 1). Mass s p e c t r u m  m / e  28, 56, 73, 86, 113, i 27 , 129 ,  185,213 

B) The reac t ion  was c a r r i e d  out s imi l a r ly ,  but a f ter  separa t ion  of s t a r t ing  pyranone  I, the acidic 
aqueous solution was vacuum evapora ted  to d ryness ,  and the c rys ta l l ine  res idue  was washed with acetone.  
It  was then r e m o v e d  by f i l t ra t ion and dried to give 21.2 g (85%) of the hydrochlor ide  of amino ketone II. 
The base  was isolated f r o m  the sa l t  by t r ea tmen t  with 40% NaOH solution and subsequent  ex t rac t ion  with 
e ther  and vacuilm disti l lation. 

Amino ketones I]:[-VII (Table 1) were  obtained by method A, while amino ketones V, VII were  aiso 
obtained by method B. Mass s p e c t r u m  of amino ketone VI: m / e  28, 56, 99, 112, 127, 139 ,211 ,239  (1YI+). 

2 , 2 -D ime thy l -4 -pheny l -5 -d i e thy l aminome thy l -4 -hyd roxy te t r ahyd ro -py rans  (VIII, XIV). A 12.5-g 
(0.05 mole) sample  of the hydrochlor ide  of amino ketone I I  was  added in a n i t rogen a tmosphe re  with s t i r r i ng  
and cooling ( -10  ~ to phenyl l i thium, [prepared f r o m  2.1 g (0.3 g-a tom)  of l i thium and 24 g (0.15 mole)  of 
bromobenzene  in 250 ml  of anhydrous e ther] ,  a f te r  which the mix ture  was ref luxed for 2 h, cooled to -10~, 
and acidified to p H  2 with dilute (1 : 1) hydrochlor ic  acid. The organic  layer  was separa ted ,  and the 
aqueous l ayer  was washed with e ther  and sa tu ra ted  with p o t a s s i u m  carbonate .  The bases  weJre ex t rac ted  
with e ther ,  and the ex t r ac t  was dr ied with MgSO 4 and f i l tered.  The res idue  obtained af ter  r e m o v a l  of the 
e ther  by dist i l lat ion began to c rys t a l i ze  to give 15.1 g (93%) of a mixture  of s t e r e o i s o m e r s  VIII and XIV. 
Individual amino alcohol VIII was obtained by  c rys ta l l i za t ion  of the mixture  of bases  of  amino alcohols VIII 
and XIV f r o m  hexane (Table 2). Amino alcohol XIV, p r e sen t  in no more  than 5% amounts ,  was isolated 
f r o m  the mixture  of bases  VIII and XIV by p r e p a r a t i v e  TLC. Amino alcohol XIV had mp 86-87 ~ (from hex-  
ane) and Rf 0.46. IR spec t rum:  3620 c m  -1 (OH). The hydrochlor ide  had mp 207-208 ~ Found: C1 11.4%. 
ClsH29NO2.HC1. Calculated: C1 10.8%. A mixture  of the hydrochlor ides  of amino alcohols VEI and XIV 
mel t  at 190-192 ~ . 

2 ,2 -Di~ 'ne thy l -4 -phenyl -5-hexamethy lene iminomethy l -4 -hydroxyte t rahydroPyrans  XII and XV. As 
desc r ibed  above,  6.7 g (84%) of a mix ture  of s t e r e o i s o m e r s  XII and XV was obtained f r o m  phenyl l i thium 
[prepared  f r o m  1.1 g (0.15 g-a tom) of l i thium and 12 g (0.075 mole) of b romobenzene  in 150 rnl of anhy~ 
drous e ther]  and 7 g (0.025 mole) of the hydrochlor ide  of amino ketone VI. Amino alcohol XE was obtained 
by c rys ta l l i za t ion  of the mix tu re  of bases  f r o m  heptane (Table 2). Amino alcohol XV, which was i so la ted  
f r o m  the mix tu re  by p r e p a r a t i v e  TLC,  had mp 86.5-87 ~ (from heptane) and Rf 0.35. IR spec t rum:  
3610 c m  -1 (OH). The hydrochlor ide  had mp 217-218 ~ (from ethyl  a c e t a t e - m e t h a n o l ) .  Found: C1 9.8; 
N 3.8%. C20H31NO 2 "HC1. Calculated: C1 10.0; N 3.9%. 

Amino alcohols IX-XI and XII (Table 2) were  obtained by the s ame  method. 
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