
9.8 mg  (61~) of the porphyr in  with mp > 200 ~ (dec.). Spectrum, Xmax, nm (~. 10-3), in methanol:  398 (140), 498 
{9.2), 530 (6.18), 565 (4.6), 617 (2.76). In ch lo ro fo rm containing 10~ methanol:  415 {162), 531 (5,7), 555 (9.4), 
598 (3.22). In ch lo ro form containing 0.1~c HCh 416 (176). 553 (11.0). 594 (4.6). Mass spec t rum,  m / e  (~): 
(M-H~SO4) + 462 (100), 447 (20). 435 (8), 417 (4.7). 
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S Y N T H E S I S  A N D  T H R E E - D I M E N S I O N A L  S T R U C T U R E  

O F  T H E  B E N Z O A T E S  AND p - N I T R O B E N Z O A T E S  

O F  T H E  G E O M E T R I C A L  I S O M E R S  O F  S U B S T I T U T E D  

4 -  H Y D R O X Y P I P E R I D I N E S  

T .  D.  S o k o l o v a ,  K.  I .  R o m a n o v a ,  
Y u .  F .  M a l i n a ,  a n d  B .  V. U n k o v s k i i  

UDC 547.824.07 : 541.63 : 543.422.25 

The cor responding  s t e r e o i s o m e r i c  p -n i t robenzoa tes  were  obtained by reac t ion  of the geomet r ica l  
i s o m e r s  of 1,3- dimethyl- ,  1 ,2 .5 - t r imethy l - ,  and 1 - t e r t - b u t y l - 3 - m e t h y l -  4-hydroxypiper idines  with 
p -n i t robenzoyl  chloride.  The s t e r e o i s o m e r s  of the corresponding benzoates  were  also synthesized 
f r o m  the geomet r i ca l  i s o m e r s  of 1 ,3-dimethyl-4--hydroxypiper idines .  The p r i m a r y  conformat ions  
of the invest igated compounds in solution were  es tabl ished by means  of the i r  PMR spec t ra .  

In the development  of our r e s e a r c h  on the in ter re la t ionship  between the s t ruc tu re  and the phys ieochemica l  
c h a r a c t e r i s t i c s  of substi tuted p iper id ines  [1, 2] we found it n e c e s s a r y  to a sce r t a in  the p r i m a r y  conformat ions  
of the p -n i t robenzoa tes  of the geome t r i ca l  i s o m e r s  of substi tuted 4-hydroxypiper id ines .  With this end in mind, 
we synthesized the p -n i t robenzoa tes  of 1 -methy l -  {I), 1 - t e r t - b u t y l - 3 - m e t h y l -  gift, T), 1 ,3-dimethyl-  {III~, T). 
and 1,2, 5- t r imethyl -4--hydroxypiper id ines  (IVfi. 7) and es tabl ished the i r  p r i m a r y  conformat ions  in solution. 

We used the p rev ious ly  desc r ibed  geomet r ica l  i s o m e r s  of the corresponding 4-hydroxypiper id ines  [3-6] 
as the s ta r t ing  compounds for  the synthes is  of p -n i t robenzoa tes  I-IV. 

In conformi ty  with the configuration of the geomet r i ca l  i s o m e r s  of the s ta r t ing  4--hydroxypiperidines [4-6], 
I I - IV were  subdivided into two configurat ional  s e r i e s  (the • and ~/ i somer s )  as a function of the mutual  or ienta-  
t ion and spat ia l  or ientat ion of the subst i tuents  attached to C 3 and C4. The acyloxy group attached to C4 in geo- 
m e t r i c a l  i s o m e r s  I IT- IVT is in the cis posi t ion with r e spec t  to the adjacent  methyl  group attached to C 3 in II~/ 

M. V. Lomonosov Moscow Inst i tute of Fine Chemical  Technology. Trans la ted  f r o m  Khimiya Geterots i ld i -  
cheskikh Soedinenii, No. 12, pp. 1643-1646, December .  1975. Original a r t ic le  submit ted November  25, 1974. 
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TABLE 1 

r 

I 

ii~ 

IIy] 

III~ 

IIbi 

IV[3 
IVy 

H N .  OCO%H4NOr-P 

l 
R 

R '  R ~ 

( 
mp, ~ 

Base 

CHa H H 

CH CHH 

CHa CHa H 

CHa tCH~ICH3 
CH~ ICHqCH~ 

empirical 
formula 

C t-I 

83--84 CnH16N.~O4 59,7 6,2 

104--- I C17H24N2Oa t63,7' 7,8 

94--95 / CITH24N204 63,5 7,7 

- -  ClsH2oN204 
-- i CI~H~oN204 

found,. % calc., % 

N C H I  N 

1o; o,, ,o, 
85, 63,7 7,e 8, 

60,4! 6,5 [0. 

Hydro- I, "ethio 
I *1 ,v~ - 

c k t o r i d e ,  Idide * 

[~'~ mp, ~ I mp,'~ 

85 210--211 2_r~  

69 245--245,2 20~-- 
} I --2os 

88 i250--259,4 232-- 
' I --233 

75 242--243 250-- 
I l--%' 

a2 23~  

73 [193--194 1 ~ 
79"1187-18s ' - 

* Sa t i s f a c t o ry  ana ly t ica l  r e su l t s  fo r  halogen w e r e  obtained fo r  the 
hyd roch lo r ides  and meth iod ides .  

and IIIT and to C 5 in IVT: in i s o m e r s  IIf l-IVfi  the acy loxy  group is in the t r a n s  pos i t ion  r e l a t i ve  to  the  s a m e  
subst i tuent  [4-6]. 

OCOC6 I14 NO2"p . I~. 
p- (). NCaH4Co0 ~ , , "  II e I 

R : - - I ' ~ / C H  3 /CHa 
H a t! a 

A A 

ii 

H ~ " i ~  C H a 

P-O2NCeH4CO0--r " tl~ "4 
Ha 

B 

7 isomers of III, IV 

H, 

H(-~ \ / N ~ . c H  
I R:' " 

OCOCGH4NO2-P 

B 

B isomers of Ill, IV 
I I I  RI=CHa, RU=H: IV RI=R==CHa 

The or ien ta t ion  of the subst i tuents  is as  ye t  unknown because  of the  l ack  of data  on the p r i m a r y  con fo rma t ion  
of the inves t iga ted  compounds  in solut ion.  

The  c o r r e s p o n d i n g  g e o m e t r i c a l  i s o m e r s  of the p - n i t r o b e n z o a t e s  of a lcohols  I and IIfl, T-IVfl ,  T w e r e  ob-  
ta ined by r e a c t i o n  of  the individual  s t e r e o i s o m e r s  of the subs t i tu ted  4 -hyd roxyp ipe r id ines  with p - n i t r o b e n z o y l  
ch lo r ide  (Table 1). 

To e s t ab l i sh  the p r i m a r y  con fo rma t ions  of the s t e r e o i s o m e r i c  p - n i t r o b e n z o a t e s  I and IIfl, 7 - I V ~ ,  7 we 
used  PMR spec t r a l  data.  The s ignal  of  the 4-H p ro ton  in the PMR s p e c t r a  of I and I lf l-IVfl  is found at 6 4.59- 
5.06 ppm with a width (with r e s p e c t  to  the  ou t e r  peaks)  of 24.0-28.0  Hz, which r e f l ec t s  the  sum of the cons tan ts  
of s p i n - s p i n  coupl ing (SSCC) of this p ro ton  with the v ic ina l  3 -H and 5-H p ro tons  (Table 2). and this  cons t i tu tes  
ev idence  fo r  its axial  or ienta t ion .  It is  p r e c i s e l y  in this c a s e  that  the sum of the  SSCC of the  4-H p ro tons  and 
the  3-H and 5-H vicinal  p ro tons  ( Y J =  2 J a a + J a e  ) is 25-30 Hz (assuming J aa  = 10-12 and J ae  = 3-5  Hz) [7]. This 
cons t i tu tes  evidence  that  I and g e o m e t r i c a l  i s o m e r s  IIfl-IVfl, under  the condi t ions  used  to r e c o r d  the PMR s p e c -  
t ra ,  have  p r i m a r i l y  a con fo rma t ion  with equa tor ia l  4 - a e y l o x y  groups  and adjacent  me thy l  g roups  a t tached to  C 3 
of the r ing  in the case  of IIB and IIIfl and a t tached to  C 5 in the case  of IVfl. On the o the r  hand, the  s ignal  of the 
4 -H p ro ton  appea r s  as a mul t ip le t  with a width of 6-10 Hz in the s p e c t r a  of s t e r e o i s o m e r s  II~/-IVy (Table 2), 
and this  c o n f i r m s  i ts  equa tor ia l  o r ien ta t ion  ( inasmuch as  in this  c a s e  ZJ = 2 J a e + J e e  = 8 Hz) [7]. The s ignal  of 
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TABLE 2. Chemical Shifts and Widths of the Signal of the 4-H Pro-  
ton in the PMR Spectra of the Benzoates and p-Nitrobenzoates  of the 
Geometr ical  I somers  of Substituted 4-Hydroxypiperidines I, IIfl, y-VIfl, y 

C o m  - 

" pound 

I 
II~ 
fly 

1II6 
lily 
IVl3 
IVy 
VI~ 
VV 

vii3 
VI~ 

Chemical shift, 6, Signal width (with re- 
_ p p m  _ _ _  [ spect to the outer peaks), t 

base hydrochlo- base hydrochlo- 
ride [ ride ] 

5,06 
4,59 
5,16 
4,59 
5,18 

4,60 -~ 

4,62 
5,30 

bare 

4,80 
5,17 
4,82 
5,22 
4,94 
5,35 
4,98 
5,28 
5,32 
4,86 
5,18 

Solvent 

hydrochlo- 
fide 

24,0 
24,5 
9,5 

24,0 
8,5* 

25,52 

24,0 
I0,0 

6,0* 
24,0 
8,0" 

28,0 
6,0 

24,0 
15,5 
15,0 
23,0 
7,0 

CDC13 
CDC13 
CDC13 
CDC13 
CDC13 

CDCI3 

CDCIa 
CC14 

CD3COOD 
CD3COOD 
CD~COOD 
CD3COOD 
CDCI3 
CDCI3 
CDCI3 
CDCI~ 
CD~OD 
CDC13 
CDC13 

* This is the peak width at half the height of the peak. 

the 4-H proton in the spect ra  of I IT-IV7 is shifted to weak field as compared with the signal of the same proton 
in the spec t ra  of I and IIfl-IVfl: this is also charac te r i s t i c  for the equatorial  proton [8]. Consequently, both the 
bases  and the hydrochlor ides  of p-ni t robenzoates  I IT- IVy do not undergo a conversion of the A ~ B type in so-  
lution and have p r i m a r i l y  a conformation with an axial acyloxy group attached to C 4 and an equatorial methyl 
group attached to C 3 in IIy and IIIy and to C 5 in IVy. 

We studied the PMR spect ra  of the previously  synthesized hydrochlorides of the benzoates of the geo- 
met r ica l  i somers  of 1 ,2 ,5- t r imethyl-4-hydroxypiper id ines  Vfl, 7.  The width of the signal of the 4-H proton in 
the spec t ra  of the hydrochloride of the 7 i somer  (VT) of 1,2, 5- t r imethyl-4-benzoxypiper idine in various sol- 
vents is 15 Hz (Table 2). On the basis  of this value of the sum of the constants of sp in - sp in  coupling of the 4-H 
proton with the vicinal protons one may assume the p resence  of conformational equilibrium A ~ B  in the case  
of the geometr ica l  i somer  V7, as we have previously  observed in solutions of the base of Vy, for which the 
ZJ value of the SSCC of the 4-H proton was 19.5-20.5 Hz ra ther  than 8 Hz [2]. 

In this connection, it seemed of in teres t  to compare  these resul ts  with the data f rom the PMR spect ra  of 
the geometr ica l  i somers  of 1,3-dimethyl-4-benzoxypiperidine (VIfl, 7). With this end in mind, we synthesized 
the corresponding s t e reo i somer ic  benzoates VIfi, y by react ion of the geometr ical  i somers  of 1 ,3-dimethyl-4-  
hydroxypiperidines with benzoyl chloride.  All of the regular i t ies  charac te r i s t ic  for  the analogs of VIfl {I, 1I/3- 
IVy) are  retained in the PMR spec t rum of i somer  VIfl (Table 2), i.e., the width of the signal of the 4-H proton 
of VIfl at 6 4.86 ppm (for the hydrochloride) and at 4.62 ppm (for the base) is 23.0 and 24.0 Hz, respect ively:  
this indicates its axial orientation [7, 8] and, consequently, a p r i m a r y  conformation with an equatorial acyloxy 
group. All of the regular i t ies  cha rac te r i s t i c  for  compounds with an equatorial orientation of the 4-H proton are  
also retained for geometr ica l  i somerVI7  (widths of 7.0 and 10.0 Hz at 6 5.18 and 5.30 ppm, respectively,  for the 
hydrochlor ide and base). 

Thus we observed a conversion of the A ~ B  type only in the case  of solutions of the base and the hydro- 
chloride of the geometr ica l  i somer  of 1,2, 5- t r imethyl-4-benzoxypiper idine (VT) [2]: this conversion does not 
take place in the case  of their  analogs (II~/-IVy and VIT). These resul ts  have not yet been explained and re -  
quire additional investigation. 

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

The PMR spec t ra  of the compounds were obtained with a ZKR-60 spec t rometer  with tetramethylsi lane 
as the internal standard. * 

p-Nit robenozates  of Substituted 4-Hydroxypiperidines {I. IIfl, y-IVflo T). A 14-mmole sample of p -n i t ro -  
benzoyl chloride was added to 12 m m o l e  of the appropriate  s t e reo i somer  of 4-hydroxypiperidine,  after which 
the mixture  was heated at 120 ~ for 1-1.5 h. The end of the react ion was monitored by th in- layer  chromatography 

* The PMR spect ra  were obtained in the l abora tory  of physicochemical  methods of investigation of the Institute 
of Chemical Sciences of the Academy of Sciences of the Kazakh SSR by senior sc ien t i f ic -co-worker  V. I. 
Artyakhin, to whom the authors express  their  thanks. 
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(TLC). The crystalline acylation product was tr i turated and washed repeatedly with dry ether. The residue 
was dissolved in 30 ml of water, and the solution was saturated with potassium carbonate and extracted with 
five 20-ml portions of ether. The extract  was dried with calcined MgSO4, and the ether was removed by dis- 
tillation. The residual crystalline base of the p-nitrobenzoate was recrystal l ized from ether. The hydrochlo- 
ride of the p-nitrobenzoate was obtained by bubbling hydrogen chloride into an ether solution of the p-ni tro-  
benzoate, after which it was reerystal l ized from alcohol. The methiodides were obtained by the addition of an 
equimolecular amount of methyl iodide to the corresponding p-nitrobenzoate, after which they were reerys ta l -  
lized from methanol. 

!,3-Dimethyl-4-benzoxypiperidines (Vlfl, T). A mixture of 1.56 g (12 mmole) of the 7 isomer of 1,3-di- 
methyl-4-hydroxypiperidine [5] and 5 ml (35 mmole) of benzoyl chloride was heated at 100-130 ~ for 30 rain. 
The end of the reaction was monitored by TLC. The excess benzoyl chloride was removed by vacuum distilla- 
tion, and the crystalline hydrochloride was tr i turated in ether and washed repeatedly with dry ether to give 
2.54 g (78%) of benzoate VIT with mp 186-186.5 ~ (from acetone). Found %: C 62.5: H 7.6:C1 13.1. C14H19NO2 �9 
HC1. Calculated %: C 62.3: H 7.5:C1 13.1. 

Benzoate VIfl, with mp 213-214 ~ (from acetone), was similarly obtained in 70% yield. Found %: C 62.4: 
H 7.6:C1 12.8. C14H19NO 2.HC1. Calculated %.. C 62.3: H 7.5. C1 13.1. 
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