
S Y N T H E S I S  A N D  S T R U C T U R E  O F  A M I N O  

E S T E R S  O F  F E N C H O L .  I I .  

T .  S. R a i k o v a ,  G. I .  V o i t e k h o v s k a y a ,  
T .  K.  V y a l i m y a ~ ,  a n d  B.  G. U d a r o v  

UDC 547.496.2+333.3 

Amino de r iva t ives  of fenehol have been synthesized.  The i r  s t ruc tu re  and p r o p e r t i e s  have been 
studied by phys icochemica l  methods.  

Continuing work on the synthes is  of amino de r iva t ives  of te rpene  alcohols  [ 1], we have studied the e s t e r -  
i f icat ion of (+)-fenchol  (I) with monochloroace ty l  chloride and f r o m  the (+)-fenchol endo-monochloroaee ta te  
(II) so obtained we have synthes ized amino e s t e r s  (III-VII)  in accordance  with the scheme  given below. 
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The es te r i f i ca t ion  of the fenchol with monoehloroace ty l  chlor ide took p lace  with the format ion  of 20% of 
by -p roduc t s  in addition to fenchol monoehloroace ta te .  By the method of adding authentic subs tances  in GLC 
ana lys i s  the p r e s e n c e  in the r eac t i on  p roduc t s  of a , f l - f enchenes  was es tabl i shed.  The appearance  of the l a t t e r  
can be explained by the fact  that  under the act ion of acid ca ta lys t s  fenchol is  r ead i ly  dehydra ted  with the f o r m a -  
tion of fenchyl carboninm ions,  the s tabi l izat ion of which leads  to the fo rma t ion  of a mix tu re  of fenchenes  [2]. 

A r i s e  in the t e m p e r a t u r e  of the reac t ion  favored the occu r rence  of the side reac t ion  of dehydration,  but 
no new products  were  fo rmed  under  these conditions and the reac t ion  was r e s t r i c t e d  to the mutual t r a n s f o r m a -  
tions of the fenchenes.  The d e c r e a s e  in the yield of des i r ed  products  with a r i s e  in the reac t ion  t e m p e r a t u r e  
was a lso  connected with the po lymer iza t ion  of the fenchenes,  which took place i r r e v e r s i b l y  and rapidly  at  t e m -  
p e r a t u r e s  as low as 60-80°C. 

According to 13C NMR resu l t s ,  the fenchol monochloroace ta te  obtained re ta ined the original  conf igura-  
tion of the alcohol (I).  This means  that the reac t ion  took place at  the oxygen a tom and the bond of the a s y m -  
m e t r i c  ca rbon  a tom (C2) was not affected.  

The sign of the specif ic  ro ta t ion  of the initial fenchol and of the monochloroace ta te  (II) obtained did not 
change in the p r o c e s s  of es te r i f i ca t ion  f r o m  which it may  be a s sumed  that monomolecu la r  nueleophilic subs t i -  
tution took place  by a SNI m e c h a n i s m  [ 3 ]. 

The amino e s t e r s  of fenchol ( m - v i i )  were  synthesized by the nucleophilic r ep l acemen t  of the chlorine in 
(II) by amino groups .  It was obse rved  that the exchange reac t ion  took place m o r e  readi ly  with amines  the 
bas ic i ty  of  which was higher.  F u r t h e r m o r e ,  the spat ia l  access ib i l i ty  of the ni t rogen a tom in the initial  amine 
had a g r e a t  influence on i ts  r eac t iv i ty  in the exchange reac t ion  and, the re fo re ,  on the yield of des i red  products .  
Thus, at  equal induction effects  of the r ad ica l s  of p iper idine  and diethylamine,  the be t t e r  access ib i l i ty  of the 
ni t rogen a tom in the p iper id ine  ensured  a higher  r eac t iv i ty  of this amine.  

The c h a r a c t e r i s t i c s  of 1 ,3 ,3- t r imethylbieyclo[  2,2,1] heptyl monochloroaee ta te  (II) ,  1, 3 ,3 - t r imethy lb icy-  
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TABLE 1. Cha rac t e r i s t i c s  of the Compounds Synthesized 

Corn- 'Yield,ibp o C n~ I ,~ [ ]Empirical .o 
pound % ](m'm Hg)! a~ ° MRD formula I'qb 

II 

111 

IV 

V 

VI 

Vll 

82 119--111 

ii!iiiii 62 

5S 

71 

74 

1,4765] 0,959 67,75 Cr:[II~,O.:C1 

0,962 77.62 C,~;H._,.,O~N 

I 47231 0.950 95,30[ CeoH3-O~Y 

114~621 1,076 74,98 / C,oH,.;QN 

1,48501 1.057 75.561 C,,H.,,,,O,N 

~102.40 (c 0.996:alc~ 

+ 88.36 (c 1.05; alc,) 

÷ 85,71 (c ],05;alc.) 

~- 63.49 (c 1.008;alc~ 

--]- 74.14 (c 0.998:alc°) 

60.36 (c 0.994;alc.) 

TABLE 2. 13C NMR Chemical  Shifts (5, ppm) of Amino E s t e r s  of 
Fenchol 

Compound R i 4 ~ 6 I 7 8 

II 
Ill 
IV 
V 

Vl 
VII 

CI 
N (CHa)~ 
N (C..,Hs)~ 
N (C ~I-[9)~ 
C JIsNO 
Cr, H,,N 

48,4 
48.3 
48,3 
48.4. 
48,2 
48,1 

2 3 

88.2 39 6 
86.3 39,4 
85.3 39.4 
86 3 39.0 
86.5 39.4 
86.2 39.0 

48.3 
48.2 
48.2 
48 2 
48.1 
48.4 

26.8 
26 8 
25.8 
25.8 
25,8 
26,8 

25,5 I 41.3 
25.7 41.3 
26,7 I 41,3 26,6 41,4 
26,5 41,3 
26.6 41.4 

19,4 
19,4 
16.4 
19.4 
19.4 
19,4 

Com- 
pound R 9 IO II 12 13 14 15 16 

II 
I11 
IV 
V 

VI 
VII 

41.0 
53.1 
53,5 
552 
59.3 
59.9 

20,2 
20,3 
20.3 
20,2 
20,2 
20,2 

4 -1 
47.6 
54.4 
53.2 
54, 1 

CI 
N (CI-la)2 
N (C.,H~32 
N (C,H~,)2 
C~HsNO 
CsHloN 

12.5 
30 1 
66.7  
25.8 

2~.8 
2~.o 

296 [ 167.7 
170,8 2 :g 170,9 

29.6 t 170,9 
29.5 170,5 
29,6 170,9 

14,t 

clo [ 2, 2,1 ] heptyl d imethy laminoace ta te  (III) ,  1,3, 3- t r imethylb icyc lo  [ 2, 2,1 ] heptyl d ie thylaminoaceta te  (IV), 
1,3, 3 - t r ime thy lb icyc lo -  [ 2, 2,1 ] heptyl d ibutylaminoaceta te  (V), 1, 3, 3 - t r imethy lb icyc lo  [ 2, 2,1 ] heptyl morphol ino-  
ace ta te  (IV) and 1,3 ,3-dimethylbicyclo [2,2,1]heptyl  p iper id inoaceta te  (VII) a r e  given in Table 1. 

The s t ruc tu r e s  of the compounds synthesized were  conf i rmed by the r e su l t s  of e l emen ta ry  analys is  and 
by GLC, and m a s s ,  IR, and ~3C NMR spec t ra .  

In the p e r f o r m a n c e  of the GLC analys is ,  the re la t ive  re tent ion t imes  (RRTs) of compounds (III-VII)  were  
de te rmined  on two s t a t ionary  phases  (SPs) of d i f ferent  polar i t ies ;  the values  of the RRTs a re  given below: 

Compound Column I Column II 
III 0,094 0.082 
IV 0.14 0.11 
V 0.37 0.29 

VI 0.38 0.44 
VII 0,29 0:31 

Tetracosane as standard 1.00 1.00 

The m a s s  spec t r a  of compounds (III-VII)  were  each cha rac t e r i zed  by apprec iab le  peak of the molecu la r  
ion, the intensi ty  of which amounted to 8-12% of the maximum.  A cha rac t e r i s t i c  fea ture  of the m a s s  spec t r a  
of (III-VII)  was the p r e s e n c e  of fa i r ly  in tense  peaks  of the ions fo rmed as the r e su l t  of s imple  c leavages  at  the 
bonds adjacent  to the ni t rogen a tom,  with m / z  44, 72, 128, 84, and 86, r espec t ive ly .  These ions a r e  c h a r a c t e r -  
is t ic ,  and the i r  posi t ion in the s p e c t r u m  s e r v e s  as  a p roof  of the p r e sence  of a pa r t i cu l a r  amino grouping in 
the molecule .  

The in f ra red  spec t r a  of all  the compounds invest igated conf i rmed the i r  s t r u c t u r e s  and permi t t ed  the i r  
functional groups  to be identified unambiguously.  In the 3000-2800 cm -I region we obse rved  a se t  of bands at  
(cm -1) 2996 ( v C - H  at  C2), 2975 (Vas CH3), 2960 (Vas CH2), 2940 (Vas CHs), and 2880 (v s CH2). In compound 
(V), to those mentioned mus t  be added a band at  2864 c m  -1, vs of a CH 2 group of a butyl radical .  The ra t io  of 
the re la t ive  intensi t ies  of the overlapping bands in this region changed accord ing  to the re la t ive  numbers  of the 
cor responding  CH3 and CH 2 groups  in the molecule  of the substance  concerned.  Thus, in (III) the m a x i m u m  at  
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2960 c m  -1 predominated;  (IV) - 2975 era-i; (V) - 2962 cm-1; ( V I ) -  2940 cm-1; and (VII) - 2962 cm -1. C o r r e -  
sponding changes were  a lso  obse rved  in the reg ions  of  the s y m m e t r i c a l  and a n t i s y m m e t r i c a l  deformat ion  v i -  
b ra t ions  (1490-1440 and 1390-1360 cm -l) of these  groups .  A methylene group conjugated with a carbonyl  group 
was identified f r o m  the p r e s e n c e  of a band in the 1425-1415 c m  -1 region.  The e s t e r  groups  in these compounds 
were  de te rmined  by the p r e sence  of s t rong absorp t ion  bands due to the v ibra t ions  of the C---O group at  1757 
and 1735 cm -1 in (III);  1740 and 1730 cm -1 in (IV); 1750 and 1730 cm -1 in (V); 1754-1733 cm -1 in (VI); and 
1743 and 1730 c m  -1 in (VII), and a lso  by bands a t  1185 and 1165 cm -1 in all  the spec t r a  due to the v ibra t ions  of 
a C - O  bond. 

The a s s i g n m e n t  of the chemica l  shif ts  of the 13C nuclei was made on the bas i s  of a compar i son  of the 
r e su l t s  obtained and the p rev ious ly  known chemica l  shif ts  of fenchone [4] and of a -  and f l - fenchols  [5]. The 
chemica l  shif ts  of the 13C nuclei of the fenchol r ing in the compound ( m - V I i )  synthesized differed l i t t le  f rom 
the chemica l  shif ts  of  the cor responding  13C nuclei  in fenchol. The 13C NMR s p e c t r a  show the endo or ienta t ion 
of the functional subst i tuent  at C 2. According to 13C NMR resu l t s ,  the pur i ty  of all  the s amples  was 95%. The 
13C NMR chemica l  shif ts  of the amino e s t e r s  of fenchol a r e  given Table 2. 

EXPERIMENTAL 

GLC analysis was performed on a Chrom-4 chromatograph with a flame-ionization detector at a column 
temperature of 200°C and an evaporator temperature of 220°C. Two stainless steel columns (380 × 0.3 cm) 

containing 5% of the silicone elastomer SKTFV-803 + I% Na3PO 4 and 5%of Versamid 900 + 1% Na3PO 3 de- 
posited on Chromaton NAW-DMCS (grain size 0.2-0.25 ram) were used. The rate of flow of carrier gas (he- 
lium) was 30 ml/min. The mean values of the RRTs were calculated from three parallel determinations. The 
reproducibility of the RRT values was 10.01 unit. 

Mass spectra were recorded on a Varian MAT-311 instrument with a cathode emission current of 1000 
mA and an energy of the ionizing electrons of 10 eV. The temperature of the ion source was 200°C. 

IR spectra were recorded on a UR-20 spectrometer in the range of frequencies of 400-3800 cm -I using 
slit program 4 at a rate of scanning of 60 cm-I/min. The compounds were taken in the form of liquid films be- 

tween KBr p la tes  and in CC14 solution in concentra t ions  of 0.2 and 0.001 M. 

The 13C NMR spec t r a  were  taken in  CDC13 on a Bruke r  CXP-200 s p e c t r o m e t e r  with a resonance  f r e -  
quency for  13C of 50.31 MHz in the r e g i m e  of comple te  decoupling f r o m  protons .  The chemica l  shifts  were  de-  
t e rmined  re la t ive  to an in ternal  s tandard  - t e t r amethy l s i l ane  (TMS). To in t e rp re t  the spec t ra ,  in some cases  
monoresonance  spec t r a  with the nuc lear  Ove rhause r  effect  (NOE) were  a lso  taken. 

The amino e s t e r s  of fenchol (III-VII)  were  synthesized by a p rocedure  descr ibed  p rev ious ly  [6]. 

S U M M A R Y  

The es te r i f i ca t ion  of fenchol by monochloroace ty l  chlor ide has been studied. F r o m  fenchol monochloro-  
ace ta te  new amino e s t e r s  of fenchol have been synthesized and the i r  s t r u c t u r e s  have been demons t r a t ed  with 
the aid of phys ieochemica l  methods.  
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