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The m a s s  spec t r a  of s t e r e o i s o m e r i c  de r iva t ives  of 4-hydroxypiper id ines  obtained at var ious  
ion iz ing-e lec t ron  energies  with the applicat ion of isotopic substi tut ion and h igh-resolu t ion  m a s s  
s p e c t r o m e t r y  a re  examined.  The c h a r a c t e r  of the f ragmenta t ion  of the p iper id ine  r ing as a func- 
tion of the posi t ion and spat ia l  or ientat ion of the substi tuent  is d iscussed.  

The avai lable  data on the f ragmenta t ion  of p iper id ines  a re  l imi ted  and pe r t a in  mainly  to alkyl der iva t ives  
(for example,  see  [2-4]). In a s tudy of the f ragmenta t ion  of an N-acylp iper id ine  it was found [5] that the ob- 
s e rved  80% detachment  of a CH 3 group f r o m  the molecu la r  ions is a ssoc ia ted  with r ing cleavage.  A compar i son  
of the m a s s  spec t r a  of 1-, 2-, 3-, and 4-methylp iper id ines  and o ther  analogs [2-6] shows that the intensi ty  of 
f ragmenta t ion  p r o c e s s e s  with r ing cleavage depends on the mutual  or ientat ion of the r ing ni t rogen a tom and 
the substi tuent .  

A sys t emat i c  study of the m a s s  s p e c t r o m e t r i c  f ragmenta t ion  of p iper id ine  der iva t ives  f r o m  this point of 
view has not been made.  In addition, the re  has been no r e s e a r c h  devoted to the study of the effect  of the spat ia l  
or ientat ion of the subst i tuents  on the c h a r a c t e r  of c leavage of the p iper id ine  ring. Studies of this type have 
been made only in the perhydroquinolol  s e r i e s  (for example,  see [7, 8]). In the p r e sen t  communicat ion we have 
studied the f ragmenta t ion  of functional de r iva t ives  of 4-hydroxypiper id ine  as a function of the posi t ion and 
or ienta t ion of the subst i tuents  with the applicat ion of low-energy  e lec t rons ,  the spec t r a  of the deutero analogs,  
and h igh-reso lu t ion  m a s s  s p e c t r o m e t r y .  

We f i r s t  studied the s t e r e o i s o m e r s  of 2 ,6 -d ica rbomethoxy-4-hydroxypiper id ines  (I-III) and of the i r  N - C H  3 
analogs (V-VII) .  The spat ia l  or ientat ion of the subst i tuents  in these  compounds p re sen ted  below was de te r -  
mined f r o m  the PMR s pec t r a  [9, ! 0]. 

OH 

H3C OOC~COOCH3 R 
-v,_~ 

I - - I l l  R=H;  IV--VII R=CHa; substituent orientation: 1 2e, 4e, 6e; II 2e, 4a, 6e; Ill 2a,. 
4a, 6e; IV 2e, 4a, 6e; V 2e, 4e-OD, 6e; VI 2e, 4a, 6e; VII 2a, 4a, 6e 

According to the PMR data, the i s o m e r s  of I -VII  a r e  conformat ional ly  homogeneous and do not undergo 
convers ion .  The m a s s  spec t r a  of p iper id ines  IV-VII  a re  p re sen ted  in Fig. 1. The p r inc ip les  of the f r agmenta -  
t ion of IV, VI, and VII a r e  adhered to comple te ly  in the case  of the i r  analogs (I-III), in the spec t r a  of which the 
peaks  of the c h a r a c t e r i s t i c  f r agmen t s  a r e  shifted by 14 m / e  units to the l o w e r - m a s s  side with r e spec t  to the 
cor responding  ions of p iper id ines  IV, VI, and VII. 

We examined the f ragmenta t ion  of the invest igated compounds in compar i son  with the f ragmenta t ion  of 
some  ~-a lky lp ipe r id ines  as the c lo ses t  model  analogs of I-VII .  The re la t ive  in tensi t ies  of the M +" peaks  of 
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TABLE 1. Composition of Some Ions from High-Resolution Mass-  
Spectrometry Data 

I - - I I I  m,'e 217 158 140 I26 32 80 

Ioncomposition CgHI~NO5 C:HI~NQ CTHmN02 CaH~N02 C4H~NO ! CottsN 

IV- -VII  

Ion composition 

m/e 231 

CloHITNOs 

172 

CsHi4NOa 

154 

CsHI~N02 

140 

CvHloNO2 

96 [ 94 

C6HsNO [ CoHsN 

TABLE 2. Relat ive  Intensit ies  of  the Ion Peaks  at m / e  140 and 154 

Spectrometer 

MKh-1303 (30 eV) 
LKB-9000(70 eV) 
IMS-01-SG-2 (75eV) 

role 140(I) 

75 
70 
70 

Relative intensityj_ %* 

role 154(IV) role 140(II) 

6 6  28 
70 30 
80 30 

m,/e 154(VI) 

30 
20 
20 

* The relative intensities are the average values of the results  of 
three measurements .  
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Fig. 1. Mass  spectra  of IV-VII. 

I-VII are  e x t r e m e l y  low (< 1%). The l o w e s t  stabi l i ty  with re -  
spect  to e lec tron  impact  among the alkyl p iper idines  is  ob- 
s erved  for 1,2, 6- tr imethylpiperidine  (the re lat ive  intensi ty  of 
the M +" peak is  ~ 6%). As  in the c a s e  of  all ~ -a lky lp iper id ines  
[2, 3, 6], the f irst  step in the fragmentat ion of I-VII i s  detach- 
ment  of the substituent f rom the 2 or  6 p o s i t i o n .  The peaks  of 
( M -  COOCH3) + amine fragments  with m / e  158 (I-III) and m / e  
172 (IV, VI, and VII) in the spectra  of 70 eV (Fig. 1) have the 
m a x i m u m  intens i t ies .  The p r i m a r y  ( M -  CH3) + ion in the c a s e  
of 1 ,2 ,6- tr imethylpiper idine  [3] undergoes  subsequent frag-  
mentat ion with ring opening and e l iminat ion of a C2H 4 molecu le .  
The p r e s e n c e  of a hydroxyl  group in the 4 posi t ion of I-VII 
radical ly  changes the direct ion of fragmentat ion of the amine  
fragment .  According to data f rom the h igh-reso lut ion  m a s s  
spectra  (Table 1). the spec trum of deutero analog V (Fig. 1). 
and the observed  metas tab le  trans i t ions ,  the ions with m / e  
140 (I-III) and m / e  154 {IV-VII) (Fig. 1) are  formed f rom the 
( M -  COOCH3) + amine fragment  by splitting out of H20 m o l e c u l e s .  

The re lat ive  intens i t ies  of  the ion peaks  at m / e  140 and 
m / e  154 (Fig. 1) differ in the spec tra  of each of the i s o m e r s  
and their  magnitude depends only s l ightly on the type of spec -  
t r o m e t e r  and the experimental  condit ions.  The re lat ive  in- 
t ens i t i e s  of the dehydration fragments  with m / e  140 and 154 
for ep imers  I, II and IV, VI are  presented  in Table 2. The 
di f ference  in the three -d imens iona l  s tructures  of I and It and 
of IV and VI cons i s t s  only in the orientat ion of the hydroxyl  
group. 

The rat io  of the peaks  at m / e  140 (i. H) and 154 (IV. VI) (Table 2) r emains  prac t i ca l ly  constant  at an 
ionizat ion  chamber  temperature  of 125-300 ~ and as the ioniz ing voltage var i e s  f r o m  30 to  100 eV. It fo l lows  
f rom Table 2 that the intens i t ies  of  the peaks  at m / e  140 and 154 in the spectra  of I and IV with an equatorial  
orientat ion of the OH group i s  higher by a factor  of m o r e  than two than the intensi ty  of the peak of the analogous 
ion in the c a s e  of ep imers  II and VI with an axial hydroxyl  group. This ratio wil l  be observed  only if the p r e -  
c u r s o r s  of the dehydration fragments  in the fragmentat ion of I, II and IV, VI have the s a m e  configuration as 
the I. II and IV. VI m o l e c u l e s  pr ior  to ionizat ion.  In other words ,  ring c leavage  and ring convers ion  should be 
excluded in the fragmentat ion of the ep imers .  Thus the fragmentat ion of piperidines  I. II and IV. VI can be 
represented  by the s c h e m e  
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Scheme 1 

COOCH 3 

R = CH 3 
role 140 

NIF? ~ ~ / , - - - , ~ .  N _ C H 3 

\H COOCH3 0 
M 4"" ~ R=H e ; t  C 

R=CH 3 R 
rnle 80  R = H 
m/# g4 R : C H  3 

These conditions can be sat isf ied for  s - subs t i tu ted  piperidines, for which intense amine stabilization with 
ring retention is charac te r i s t i c .  In fact, the c~ substituent is split out for t << 10 -6 sec, while ring conversion, 
if it does occur  during excitation by electron impact, is a considerably s lower p rocess .  In this case  one should 
take into account the fact  that the double bond at the nitrogen atom, which r igidly fixes the skeleton of the f rag-  
ment, hinders r ing convers ion in the amine f r agmen t .  Under these conditions, g rea te r  effectiveness of the in- 
terac t ion of the OH group and H atoms (in the 3 or  5 positions) can be assumed for p roces s  a l -  H20 (scheme 1) 
as compared  with a 2 -- H20. It should be noted that the detachment of H20 charac te r i s t ic  for I-VII is charac -  
te r ized  by a low intensity In the case of s - subs t i tu ted  perhydro-4-quinolols  [7, 8]. 

In the light of the above statements,  the identical charac te r  of the mass  spect ra  of some epimers  of 
quinuclidine (for example, see [11]) and bicyclo[3.3.1]nonanols [12] is explained by the fact that s tereospecif ic i ty  
is lost  in the f i rs t  step of the fragmentat ion of these compounds as a resul t  of the formation of an open molec-  
ular  ion. 

The energical ly  favorable formation of cyclic aromat ic  fragment c should evidently be considered to be 
the driving force for subsequent fragmentat ion of ions al and a 2. The formation of f ragments  with m / e  126, 
114, 98, and 82 (I-III) and 140, 128. 112, and 96 (IV-VII). the peaks of which are  charac ter ized  by low intensities, 
can, in conformity with data f rom high-resolut ion mass  spectrometry ,  be represented by scheme 2: 

Scheme 2 
O 

H 

(71 ; ('/2 -- CH3OH ~OHC ' 1 " ~  - CO = O H C - - - ~ I  N - CO 

R R 
m/e 1 5 8 ( ~ - E I )  m/e 1 2 6 ( R = H )  m / e g S ( R = H )  
m/e 172 (I-?-~TI) m/otz;O(R=CH3) m/el12 (R=CH 3) 

C k ~ O ~  C H3OOC--CH-----NN--CH=CH 2 CHO-CHN=CHR 

N 3 c o o c _ , ~ - ~  m/o 128 ( R = CH 3 ) 

R 

R 
rn/e 70 (R=H} ~ 

rn/e 70  ( R = H ) 

Fragments  with m / e  82 and 96 are  formed f rom the open form of the molecular  ion as a resul t  of specific 
rea r rangement :  

AM 4-o 

Scheme 3 

- CH3OCHO 
H OH - C H ] O .  O 

H]C OOC LN=CH-C- OCH3 

d m/e S 2 ( R - - H )  
m/e  g6  (R= (~H 3) 

In the case of an axial orientation of one of the es ter  groups (III and VII) only a small increase  in the 
intensities of the peaks with m / e  82 and 96 is observed in the spect ra  as compared with the same peaks in the 
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spec t r a  of p iper idines  I, II, IV, and VI. The re la t ive  intensi t ies  of the peaks  of f ragments  with m / e  140 and 154 
in the spec t r a  of III and VII and, respec t ive ly ,  II and V a re  p rac t i ca l ly  identical.  Thus a change in the o r ien ta -  
t ion of the e s t e r  group and the development  of a hydrogen bond in III and VII (Fig. 1) do not affect  the dehydra-  
t ion p r o c e s s  in the f ragmenta t ion  of the invest igated ep imer s .  In a study of the s t e r e o c h e m i s t r y  of 1 ,2-dimeth-  
y lperhydro-4-quinolo ls  it was shown [7] that the ( M -  CH3)/M value depends on the or ientat ion of the 2-CH 3 
group. Reliable values of p a r a m e t e r s  of this sor t  cannot be  obtained for  p iper id ines  I-VII, inasmuch as the 
intensi ty  of the M +" peak in the spec t r a  of the ep imer s  is p r ac t i ca l l y  at the level  of the background. 

Open molecu la r  ion d {scheme 3) is by nature  a typical  amine f ragment ,  and a c leavage of the p iper id ine  
r ing is t he re fo re  just  as typical  as detachment  of the a substituent.  However,  I -VII  consti tute exceptions to 
this  rule.  A dist inguishing fea ture  of 2- and 6-subst i tuted 4-hydroxypiper id ines  shows up in the fact  that open- 
ing of the molecu la r  ions during the i r  f ragmenta t ion  is compet i t ive ly  supp re s sed  by the fo rmat ion  of a roma t i c  
f ragments .  F r o m  an examinat ion of the f ragmenta t ion  of p iper id ines  I -VII  one should a s sume  that the hydroxyl  
group in the 4 posi t ion of a - subs t i t u t ed  p iper id ines  p romo te s  f ragmentat ion with r ing retention.  

When an a - subs t i t uen t  is absent,  the f ragmenta t ion  of the piper idine  der iva t ives  is r ea l i zed  p r i m a r i l y  
with a c leavage of the ring. For  example,  this so r t  of p r o c e s s  is cha rac t e r i s t i c  for  1 ,3-dimethylpiper idine  [3]. 

We studied the pecu l ia r i t i es  of the f ragmenta t ion of 3-subst i tu ted 4-hydroxypiper id ines  in the case  of epi-  
m e r s  of 1 ,4 -d imethy l -3 -ace ty l -4 -hydroxyp iper id ines  [VIII (rap 126 ~ and IX {rap 84~ Identical  m a s s  sp ec t r a  
a r e  observed  for  these  ep imers ,  * and this can be explained only by f ragmenta t ion  of the open molecu la r  ion- 

Scheme 4 

. CH 3 CH3 CH3 
role 1'38 rn/e 156 ( 4 )  t3 ) 

" OH 

i 
H 

role "T71 ~6Olo) v 
-IF- H2 C%,+- �9 

H2C=N- CH 3 N-  CH2--CH--CO--CH3 

i ~ "  m/el-,3 (1OO) H3C" r  m/e 113(28) 
+ 

rn/e 42 t54 )  N-CH2-CH=C, ~ , 
H3C"  CH2 

;~ |--OH " 

H2 C~.~_ CH2__CH= C = C H 2 t 

H3C" rnle 96 (14) 

The f ragmenta t ion  of VHI and IX is  conf i rmed by the spec t rum of the deutero analog of X with r e sp ec t  to 
the hydroxyl  group. The s t ruc tu re  of the ion with m / e  113 (e, e ' )  follows f r o m  the dis tr ibut ion of the deuter ium 
label  during the f ragmenta t ion  of X, in the spec t rum of which the peak  at m / e  113 is only pa r t i a l ly  shifted by 
one m a s s  unit to the h i g h e r - m a s s  side.  The f ragment  with m / e  96 does not contain a deuter ium label,  and i ts  
fo rmat ion  is conf i rmed by  metas tab le  ions. 

Thus it does not s e e m  poss ib le  to dist inguish the ep imer s  in the 4-hydroxypiper id ine  s e r i e s  by  means  of 
the m a s s  spec t r a  when there  is no a substituent.  

Inasmuch as spli t t ing out of the ~ subst i tuent  s tabi l izes  the ring, whereas ,  on the other  hand, a substi tuent  
in the 3 or  5 posi t ion p rom o t e s  f ragmenta t ion  of the open f o r m  of the molecu la r  ion, compet i t ion between these  
p r o c e s s e s  should be expected in the f ragmenta t ion  of 2- and 3- (or 5-)substi tuted p iper id ines .  We studied the 
m a s s  spec t r a  of the s t e r e o i s o m e r s  of 1 ,2 ,5 - t r imethy l -4 -hydroxypiper id ines  (XI-XIX). the or ienta t ion of the 
subst i tuents  in which is  p~esented below: 

*If  the m a s s  spec t rum is not p r e sen t ed  in Fig. I ,  the re la t ive  in tensi ty  at 70 eV is indicated in pa r en these s  
a f t e r  the m a s s  number  of the f r agmen t  in the f ragmenta t ion  schemes .  
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219(M ~' ) 

I 
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." .~ 219(M § 

I= 1, 
-c%- 
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I " J, 
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Mass  s p e c t r a  of XIV-XIX.  

HO R 

H ? C - ~  

~ N  ~ "CH 3 

CH 3 , 

XI--XIII R=C6Hs; XIV--XVI R=C6H4CHs-m; XVII--XIX* R=C~Hs; substituent orientation 
XI 2e, 4e-OH, 5e; XII 2e, 4a-OH, 5e; XIII 2e, 4a-OD, 5e; XI~r 2e, 4e-OH, 5e; 

XV 2a, 4a-OH, 5e; XVI 2e, 4a-OH, 5e; XVII 4a-OH; XVIII 4e-OH; XIX 4e-OD 

The conf igurat ion  of X I - X I X  was  d e t e r m i n e d  f r o m  the IR and NMR s p e c t r a  in [13, 14].  The f ragmenta t ions  
of p i p e r i d i n e s  X I - X I X  adhere  to  ident i ca l  p r i n c i p l e s  and a r e  c h a r a c t e r i z e d  by the f o r m a t i o n  of  c o m m o n  ions .  
The  pr inc ipa l  p e a k s  in the s p e c t r a  of XI -XVI  (Fig.  2) and, s i m i l a r l y ,  XIV-XIX at 70 eV c o r r e s p o n d  to  ( M -  CH3) + 
a m i n e  f r a g m e n t s  and ions  with m / e  70. The l o w  m a s s  n u m b e r  of the f r a g m e n t  with  m / e  70 cons t i tu te s  e v i d e n c e  
that i t  i s  f o r m e d  by r ing c l e a v a g e .  In c o n f o r m i t y  wi th  the h i g h - r e s o l u t i o n  m a s s  s p e c t r u m  of XIV and the s p e c -  
t r a  of the  deutero  analogs  of XVI and XIX, the g e n e r a l  s c h e m e  of the  f ragmenta t ion  of  p i p e r i d i n e s  XI -XIX can 
be  r e p r e s e n t e d  as fo l lows:  

S c h e m e  5 

/R CH 2 

-N" CH 3 ~ CH3 - -  - -  
, , . 
CH3 r CH3 n ~  O m / e 7 0 ( e 4 H B N )  LlO~ J 

x_~,xj  m/e 219 14 (x: I )J 

x ,v -x . . ,  2 3 3 .  / ' l 

ell, + 

-- -- (~)i [.-CH3-.~O] 4 ( •  I 

R ~ OH I OH . / R  
H2C ~ HC~,~ - -CHz 'CH H2C~c  : > . < . ~ .  

" j~,  H I  ~ e l l2  HC ~ z ~OH 
H 

CH 3 CH 3 CH~ CH 3 
m/, o 8.4 (C5H10N) m/P gS (C6H12N) 

* The or ientat ion  of the 2 -CH 3 group was  not d e t e r m i n e d  in [14]. 
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Fragmen t s  ( M -  CH3) + and ( M -  CH3-  H20) + with m / e  98, 84, and 70 (scheme 5) a r e  cha r ac t e r i s t i c  for  
XI-XIX. These  ions do not contain a deuter ium label  in the case  of the f ragmenta t ion  of the deutero analogs 
of XVI-XIX. 

In cont ras t  to p iper id ines  I-VII, the peak  of the ( M -  CH 3-  H20) + dehydration f r agmen t  is ve ry  smal l  in 
the spec t r a  of XI-XIX. This f ragmenta t ion  capaci ty  is due to the fact  that the (!Vl- CH3) + amine f ragment  in the 
case  of XI-XIX undergoes  intensive f ragmenta t ion  via a synchronous mechan i sm with ring cleavage and f o r m a -  
tion of an ion with m / e  70. A s i m i l a r  but l e s s  intensive p r o c e s s  is observed  for  the (M-  CH3) + ion in the case  
of 1 ,2 ,6- t r imethylpiper id ine  [3]. The peaks  of the amine  f ragment  and the ion with m / e  70 a re  the mos t  intense 
peaks  in the s p e c t r a  of XI-XIX at 70 eV. However,  the intensive c h a r a c t e r  of the  p r o c e s s  involving ring c leav-  
age d e c r e a s e s  sharp ly  when the ionizing voltage is reduced to 15 eV, while the ( M -  CH3) + ion peak  r ema in s  the 
pr inc ipa l  peak  in the spec t rum.  

Thus, as we assumed,  split t ing out of a H20 molecule  f r o m  (M-  CH3) + in compounds of the XI-XVIII type 
is compet i t ive ly  suppressed  by synchronous ring c leavage in the amine f ragment .  

The low intensi ty of the (iV[- CH 3 -  H20) + peak  is an obstacle  to the m a s s - s p e c t r o m e t r i c  de terminat ion of 
the or ientat ion of the hydroxyl  group in p iper id ine  der iva t ives  s im i l a r  to XI-XVIII.  However,  despite  this,  the 
11 = ( M -  CH 3 -  H20)/M rat io  in the s pec t r a  of XI and XIV is  higher  than for  i s o m e r s  XII-XVI with an axial o r i -  
entation of the OH group (I 1 = 0.92 for  XI, I 1 = 0.3 for  XII). 

F ragmen t s  corresponding to detachment  of phenyl and m- to ly l  subst i tuents  f r o m  M +. a re  absent  in the 
f ragmenta t ion  of XI-XVI. In cont ras t  to p iper id ines  XI-XVI, the peaks  of ( M -  C2H5) + f ragments  a re  ex t r eme ly  
high in the spec t r a  of XVII-XIX, and detachment  of a radica l  is r ea l i zed  m o r e  in tensively  in the case  of axial  
or ientat ion of the ethyl group. It should be a s sumed  that the charge  is local ized on the oxygen a tom in tMs case :  

Scheme 6 

C H 3 C H 3 
14 (XVl~)  

M~'(X--q~) m/e 142 27(xv1~1) 

In the case of epimers XVlI and XVIII the 12 = (M- C2Hs)/M ratio may be a criterion for the determination 
of the orientation of the substituent in the 4 position. As has been established for the stereomers of perhydro- 
4-quinolols, which are similar to XVII and XVIII, a large R 2 ratio corresponds to an axial orientation of the 
ethyl substituent. A similar principle is also observed for the epimers of 1,3, 5-trimethyl-4-ethyl-4-hydroxy- 
piperidines (I 2 = 0.37 for XVII, and 12 ~ 2.62 for XVIII). It should be noted that the application of a parameter 
of the 12 type is not possible for compounds with substituents of the C6H 5, CsH4CH 3. C ~ CH, C ~ N, and C=CH 2 
types inthe 4 position, inasmuch as elimination of these particles as radicals is observed extremely rarely. 

The orientation of the hydroxyl group in epimers XVII and XVHI can be determined from the (M-CH 3- 
H20)/M ratio, inasmuch as the I i ratio for isomer XVIII with an equatorial OH group is somewhat higher than 
for the compound with an axially oriented hydroxyl group I i = 0.82 and Ii = 0.67). 

Thus the orientation of the substituents in the 4 position in XVII and XVIII can be determined both from 
the OH groups and from the C2H ~ groups. The mass-spectrometric data on the configuration of the 4 center are 

in agreement with the results in [13]. 

Inasmuch as the f ragmenta t ion  of c~-substituted p iper id ines  is  r ea l i zed  with p r i m a r y  fo rmat ion  of a cyclic 
amine  f ragment ,  this p r o c e s s  should depend on the spat ia l  or ientat ion of the subst i tuent  in the 2 posi t ion.  Ac- 
cording to the pr inc ip les  set  for th in [7] for  2 -methy lperhydro-4-qu ino lo l s ,  an axial  or ienta t ion of the methyl  
group co r re sponds  to a higher  value of the 13 = ( M -  CH3)/M rat io .  This tendency is also re ta ined  in the f r ag -  
menta t ion of e p i m e r s  of 4-hydroxypiper id ine  (XIV-XIX) (Fig. 2), in the s p e c t r a  of which I3 = 4.54 {XIV) and 13 -~ 
4.16 {XVI), whereas  13 = 6.25 (XV) for  an axial  orientat ion.  

On the bas i s  of m e a s u r e m e n t s  of the 13 p a r a m e t e r  for  e p i m e r s  XVII and XVIH and the data in [14], one 
should evidently ass t tme that the 2-CH 3 group for  XVII is or iented equator ia l ly  (I 3 = 5.87), whereas  it  is axia l ly  
or iented in the case  of XVIII (I 3 = 9.11). 

A study of the pecu l ia r i t i e s  of the f ragmenta t ion  of p iper id ines  I-XIX shows that the or ienta t ion of the 
subst i tuents  in the 3 or  5 posi t ion of the p iper id ine  r ing is not de te rmined  by m a s s  s p e c t r o m e t r y .  
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Thus as a resu l t  of the p r e s en t  study we es tabl ished the m e c h a n i s m s  of f ragmenta t ion  of var ious  ep imer s  
of 4-hydroxypiper id ines .  On the bas i s  of our  resu l t s ,  we p ropose  a m a s s  s p e c t r o m e t r i c  method for  the d e t e r -  
minat ion of the or ienta t ion of the subst i tuents  in the 2 and 4 posi t ions .  The method is applicable only when a 
m in imum of two ep i m er s  is avai lable  for  each of the compounds.  

EXPERIMENTAL 

The invest igated compounds were  synthesized and g rac ious ly  p laced at our  disposal  by  E. S. Nik i t - skaya  
and c o - w o r k e r s  g-VII),  N. S. P r o s t a k o v  and c o - w o r k e r s  (XI-XVI), and B. V. Unkovskii and co -worke r s  (VIII. 
IX, and XVII-XIX). for  which we extend our thanks.  The synthesis  of the invest igated compounds was published 
in [9, 13, 14]. The m a s s  s pec t r a  we re  inves t iga ted  with MKh-1303 and LKB-9000 s p e c t r o m e t e r s  with di rect  
introduction of the s amples  into the ion source .  The ionizing voltages were  12, 15, 30, and 70 eV. and the 
ionizat ion chamber  t e m p e r a t u r e s  were  100-250 ~ (MKh-1303) and 250-290 ~ (LKB-9000). The emiss ion  cur ren t s  
were  1.5 mA {MKh-1303) and 60 mA (LKB-9000). The h igh-resolu t ion  m a s s  spec t r a  were  recorded  with a 
JMS- 0.1-SG-2 s p e c t r o m e t e r .  
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