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Autoassembly of cage structures 

Synthesis, stereochemistry and cyclization of cx,~'-dihydroxy-o~,o(-dimethyladipic 
acid derivatives 

R. G. Kostyanovsky* and Yu. L El'natanov 

N. N. Semenov hlstitute of Chemical Physics, Russian Academy of Sciences, 4 ul. Kosygina, 
117977 Moscow, Russian Federation. Fax: +7 (095) 938 2156 

The d,l-(la) and meso-forms (lb) of a,cC-dihydroxy-c~,c~'-dimethyladipic acid, dilactone 
(3), diiminodilactone (4), and lactonolactam (5) were obtained by the reaction of 
acetonylacetone with KCN and HC1. The transformations of 1 to the esters 2, dilactone 3 to 
la, and diiminodilactone 4 to dilactone 3 were studied. It was shown that 3 can be readily 
obtained from la  by thermolysis, acid catalysis, and DCC action as well as by acid catalyzed 
cyclization of 2a, while dilactone 3 can be obtained from lb and 2b in negligible yield only 
under drastic conditions, obviously, due to the partial epimirization of the meso-forms. The 
mild thermolysis of lb leads to trans-lactonoacid (6), from which the ester 7 has been 
obtained. The effective acid catalyzed cyclization of amides 8 and 9 to 3, lactamoamide 12 to 
5, and amide 14 to model lactone 13 was found. The NMR spectra of the products were 
studied, and a 1H NMR test was suggested for identification of d,l- and meso-forms 1 and 2. 
The stereochemistry of monolactones 6, 7, 9, 10a, 10b, 11, and dilactone 3 was established. 
The differences in the chemical behavior of a,cC-dihydroxygtutaric and adipic acids were 
explained by the significant reduction of the non-bonded interactions of the substituents in 
the corresponding monolactones during the transfer from 1,3- to 1,4-substituted systems. 

Key words: acetonylacetone, its biscyanohydrine, meso-ct,c~'-dihydroxy-ct,ct'-dimethyl- 
adipic acid, its dimethyl ester, monolactone, and methyl ester of the latter, d,l-ct,c~'-dihydroxy- 
a,~ ' -d imethyladipic  acid, its dimethyl ester, N,N'-dibenzil-  and N,N'-di-c~-phe- 
nylethylamides, monolactone, N-tert-butyl- and N-c~-phenylethylamides, dilactone, 
diiminodilactone, lactonolactam, lactonization of 8-hydroxycarboxylic acids, their esters and 
amides; 1H NMR test for d,l- and meso-form identification, conformation of substituted 
valerolactones. 

The format ion ofb icyc l ic  di lactones (<~autoassembly,>) 
from derivatives o f  cqc~'-dihydroxyglutaric acid is a con-  
f igurationally and conformat ional ly  contro l led  reaction. 2 
This react ion proceeds  only in the case of  d,l-, but not  
meso-forms, and only when the ~ ,~ ' - subs t i tuen ts  R are 
more bulky than  COX and OH,  since in the in termedi-  
ate monocycles  the COX and cis-OH groups are close 
enough to allow final cycl iza t ion in conformat ion  A, but 
not  in B. 

COX 
H O ~ ~  R 0 COX 

0 -, x R O ~  
R 

A B 

X = OH, OR 
R = H, AIk 

*For report 4 see Ref. 1. 

Thus,  d i lac tones  can  be read i ly  o b t a i n e d  f rom 
d,l-a,a'-dihydroxy-cqc~'-dialkylglutaric acids (A, R = 
Me, Et, Bu t) and their  derivatives in high yields, 3,4 but  
d , l -a ,c~ ' -dihydroxyglutar ic  acid (B, R = H) gives no 
di lactone even under  drastic condi t ions .  2 On the other  
hand,  it is known that  d i lac tones  smooth ly  arise from 
d,l-forms of  both cqc~'-dihydroxy-c~,cx'-dimethyladipic 
(DDA)  5-9  and ct,c~'-dihydroxyadipic6,1~ acids. To find 
the reasons for this difference,  the prepara t ion ,  stere- 
ochemistry,  and cycl izat ion of  D D A  (1), its methyl  ester 
(2), and some D D A  derivatives have been  s tudied in the 
present  work. 

Isomeric  D D A  were obtained* by the Zel insky reac- 
t ion 11 o f  ace tonylace tone  (AA) with K C N  and HC1 
taking into account  the changes in this p rocedure  sug- 
gested in Refs. 5 and 6. The results o f  the reac t ion  are 
known to depend  significantly on the condi t ions  and on  
the method  o f  t rea tment :  together  with D D A ,  m o n o -  

**For the previous report see Ref. 9 
***Bis-cyanohydrine of acetylacetone exists in the form of the 
product of a similar monocYClization, i.e., iminolactononitrile 
of meso-c~,c~'-dihydroxy-c~,ct'-dimethylglutaric acid)  
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Scheme 1 
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lactones 5 and dilactone 5-8 are obtained, and in an 
excess of NH4C1 monoaminonitrile 11,12 and the prod- 
ucts of its subsequent conversions are formed. Earlier, in 
all of the cases it was suggested that acetonylacetone 
biscyanohydrine is initially formed, and this substance 
was described as an unstable solid or semi-crystal, 5-7 
but it was not characterized. We isolated DDA as the 
d,l- (la) and meso- (lb) forms (when synthesis is re- 
peated many times, only lb is obtained and la  is formed 
in only one case), and as dilactone 3, diiminodilactone 
4, and lactonolactam 5 (4 and 5 have not been described 
earlier). Compound 4 seems to be a product of double 
Pinner cyclization of d,l-biscyanohydrine of aceto- 
nylacetone,** and dilactone 3 is obtained as a result of 
the partial hydrolysis of diiminodilactone 4. Possibly, 
the formation of acid lb occurs due to the complete 
hydrolysis of acetonylacetone meso-biscyanohydrine de- 
rivatives, which are not capable of double cyclization. 
We also obtained DDA la by hydrolysis of dilactone 3 
(Scheme 1). 

It is possible to describe the formation of lacto- 
nolactam 5 either as the result of a single Chapman 
rearrangement and the partial hydrolysis of 4, or as the 
result of the cyclization of the a -hydroxy-a ' -amino 
substituted DDA that arises according to the following 
scheme (cf. Refs. 11, 12): 

KONN,C I 1 ~' MeCCHoCHoCMe A P 5 .  
AA H20 = = "1 

CO2H OH 

Earlier, the configuration of d,I-DDA has been un- 
equivocally proved by separation of antipodes, 6 but it is 
difficult to distinguish the d,l- and meso-forms by their 
melting points 5-8,11 (according to our data, m.p. of l a  
is 193--220 ~ and that of lb is 212--220 ~ There- 
fore, the data 5 about interconversion of la  and lb 

d, l-2a, m e s o -  2b 

refluxed in water or in a weak HC1 solution seem to be 
doubtful (it was assumed ~ that a mixture of la  and lb 
was considered by Fittig s as the meso-form).Therefore to 
identify the isomers, we developed a IH NMR test based 
on the greater geminal non-equivalence of the methyl- 
ene protons of the meso-form (cf Ref. 13): the spectrum 
widths of la  and lb were 70 and 190 Hz, respectively 
(400 M Hz in CD3OD ) (Table 1). In addition, according 
to the 1H NMR spectra in D20/KOD , the potassium 
salt of acid la  is identical to the known d,l-form ob- 
tained from lactone 3. Using this ~H NMR test, we 
showed that under these conditions 5 (lh reflux in a 
mixture of water and concentrated HC1, 2:1 in volume), 
acid la  only yields a mixture of 3: la  (7:3), but not lb, 
and lb under the same conditions does not change when 
refluxed for 3h. We also showed that, contrary to the 
data reported earlier, 7 DDA are easily esterificated, 
when they are for a short time stored in MeOH with dry 
HC1, or when their methanol solutions are treated with 
a CH2N 2 solution in ether. Unlike DDA, their esters (2a 
and 2b) have distinct melting points that differ by 60 ~ 
(see Experimental), and yet, like DDA, the width of the 
methylene proton resonance is considerably greater for 
the meso-form (2b, Table 1). 

As expected, dilactone 3 is smoothly formed from 
d,I-DDA la  by thermolysis and treatment with a HCI 
solution in Et205-8 or with dicyclohexylcarbodiimide 
(DCC). We have advanced a still more effective synthe- 
sis for 3 from derivatives of 1, viz., diester 2a, diamide 
(8), and lactonoamide (9) (Scheme 2). 

When the meso-forms of lb and 2b are used, dilactone 
3 can be obtained only under drastic conditions and in 
negligible yield, due, apparently tO the preceding partial 
epimirization. Milder thermolysis of lb mainly yields 
trans-lactonoacid (6), from which ester 7 was obtained. 

It should be pointed out that dilactone 3 affords only 
diamide 8 even when treated with a deficient amount of 
benzylamine, but in the reactions with sterically hin- 
dered amines, monoamides 9 and 10 are exclusively (or 
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Scheme 2 
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9: R = Bu t 1 1 a , b  

"10a,b: R = (S)Ph(Me)CH 

Reagents and conditions (yield): a. A (< 10%); b. 140-- 
170 ~ Torr (46.5%); c. CH2N2, Et20/MeOH (62%); 
d. TsOH-H20/PhMe, ll0~ 12 h (92%); e. TsOH'H20/  
PhMe, l l0~ 19 h (< 5%); f. PhCH2NH 2 (42.5%); 
g. TsOH'HaO/PhMe, (90%); h. RNH 2 (R = Bu t , 32%); 
l. TsOH'H20/PhMe, (R = Bu t , 91%); i. t > 200~ Torr 
(40%); ii. HCI/Et20 (21%); iii. DCC/CsHsN (43%). 
*A mixture of diastereomers; the data about their separation, 
cyclization to dilactone 3, and hyroptical properties will be 
reported in a special paper. 

mainly) obtained. In the case of (S)-c~-phenylethylamine, 
the minor diamide 11 in a diastereomerically pure state 
was isolated. Lactonolactam 5 is less reactive than 
dilactone 3. The latter readily gives an acid reaction in 
an aqueous solution and undergoes conversion to the 
d, / -DDA salt in an ethanol alkaline solution, while 
lactonolactam 5 does not change when stored for 1 h at 
20 ~ in water or in an ethanol alkaline solution, is 
crystallized from boiling water, and is insensitive toward 
the action of HC1 in ether. These facts exclude the 
monoiminodilactone structure for 5 (comp. Ref. 3). The 
reaction of 5 with an excess of benzylamine leads to the 
opening of the lactonic cycle to yield only lactamoamide 
12, which, similar to lactonoamides 9 and 10, trans- 
forms to lactonolactam 5 via smooth acid catalyzed 
cyclization (Scheme 3). 

Under analogous conditions, amide 14 obtained from 
model lactone 13 14 undergoes cyclization to give 13 
(Scheme 4). 

Scheme 3 
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5 \ / 
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12 
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Therefore, lactonization of 8-hydroxyamides has a 
general character. The structure of the compounds syn- 
thesized was confirmed by IR, 1H NMR, and 13C N M R  
spectroscopy, by mass-spectra, and by elemental analy- 
sis data (see Table 1 and Experimental). 

The structure of dilactone 3 was confirmed by X-ray 
analysis.* Its molecule is twisted, and the dihedral angle 
CCH2CH2C is 4.5 ~ 

A A' 
B'  B 

4.5* 

3 

The vicinal coupling constants values for the protons 
of 3 are in accordance with the Carplus dependence 
(Table 1). In the 1H N M R  spectra of monolactones 6, 
7, 9, and 10a,b (Table 2), the characteristic signals of 
the four-spin system of the protons 3a, 3e, 4a, and 4e 
are present. The long-range coupling constants 4j  de- 
tected by the up-field signals of the methyl protons of 9, 
10a,b and of the OH group of compound 7 indicate 15 
the pseudo-axial orientation of these substituents. The 
absence of 4j  for all the other groups indicates the cis- 
orientation of the methyl groups in monolactones 9, 
10a,b and their trans-(e,e) orientation in ester 7. To 
unequivocally assign the 1H and 13C signals and to find 
the primary orientation of the substituents at the C-2 
and C-5 atoms in monolactones 6, 7, 9, and 10a,b, ~3C 
N M R  spectra with selective proton decoupling were 
used. Thus, in the 13C N M R  spectrum of 10a the signal 

*Results of X-ray analysis for compound 3 will be published 
separately. 
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Table 1. Spectral parameters of the d,l- and meso-forrns of compounds 1--5, 8 

Compound 1H NMR a 6, ppm 

Me C(CHJ2C(A1AB1B) Me 
(signal finewidth/Hz) 

l a  1.38 1.76 26.40 
(70) 1 j =  128.2 

lb  1.38 1.56 1.96 - -  
(190) 

2a c 1.35 1.65 1.76 26.28 
(95) 1./= 126.9 

1.29 d 1.75 2.00 
(115) 

2b e 1.35 1.50 1.90 26.10 
(185) I j =  127.6 

1.30 d 1.63 2.07 --  
(202) 

3 1.58 2.11 2.25 f 19.01 
(88) 1./= 129.4 

1.21 d 0.88 1.08 
(120) 

4g 1.57 2.02 2.14 20.63 
(100) 

1.48 d 1.23 1.33 --  
(llO) 

5g 1.51 2.04 2.17 19.51 
(67) 19.52 

1.60 2.03 2.17 h --  
(56) 

8 i 1.37 1.72 1.95 26.96 
(124) 1y = 126.9 

NMR 13cb (8, ppm, J/Hz) 

CH2 

35.69 
1./= 129.4 
2j = 3.7 

35.69 
1 j =  129.4 
2 / =  3.7 

--C-- C=O 
(C=N) 

75.00 179.28 
2j = 2.4 

75.43 177.74 
2j = 4.9 

IR 
v/cm-1 
C=O 

(c=N)  

1745 

1740 

35.43 75.33 177.64 1740 
I / =  130.4 2./= 4.2 
2./= 4.2 

29.55 t.q 80.14 t.q 168.69 d.d.q 1795 
I J =  135 .5  2JCH(CH2)=4.93./CH_anti={!32 

2JCH(CH2) = 4.2 Z./cH(Me) = 1.4 3JCH_si n 
"J./CH(Me) = 4.2 3./CH(Me) -- . 

31.30 79.25 (167.47) (1696) 

35.14 83.39 174.27 1735 
83.41 174.33 1755 sh 

33.82 75.17 176.50 1675 
I . /= 128.3 23" = 2.4 2./= 5.5 

a In CD3OD. b 1, 2 in CD3OD, 3, 4, 8 in CDCI3, 5 in C6D 6. 
c 6 MeO 3.71, 5 13C(MeO) 52.69 ( I j  = 147.7). d In C6D 6. 
e6 MeO 3.72, 6 13C(MeO) 52.70 (1j = 147.0). 
f Iterative analysis of the AA1BB l spectrum by the PANIC program afforded the following values: 

2JABhem = 2JAiBlh . . . .  14.8; 3JAB1Cis = 3JAIBC/S = 11.0 (~b ~ 4.5~ 3JBBlt . . . . .  6.3 (ff ~ 125~ 3JAAIt . . . . .  2.8 (~) - 115 ~ 
(for the numeration of protons see in the text). 

g 13C NMR spectrum was recorded under conditions of complete decoupling from protons. 
bin CDC13, iterative analysis of the AAIBB 1 spectrum by the PANIC program afforded the following values: 

A v = 5 5 . 8 2 ;  2JAB hem = 2JAIBlh . . . .  13.5; 3JABlCiS = 9.9; 3JAlt3cis = 11.85; 3JBBltrans ~- 3JAAIt . . . . . .  5 . 0 5  

(numeration of protons is the same as for 3). 
i6 IH: 4.37 (CHAHBPh , JAB = --14.9, JHNCH = 6.1), 4.89 (OH), 7.28 m (Ph), 7.61 t (NH); 

nC: 43.15 (CH~Ph, 1./= 138.7), 127.2, 127.38, 128.51 and 138.03 (Ph). 

at 171.51 ppm was assigned to the  CO group at the C-5 
carbon a tom on the basis of  the change in its mul t ip l ic-  
ity under  condi t ions  of  selective decoupl ing from the 
methyne  p ro ton  at the C H ( M e ) P h  group. Therefore  the 
second low-f ie ld  signal at 175.88 ppm corresponds to 
the C-1 carbon atom. Then,  the  change in the mul t i -  
pl ici ty of  this signal pe rmi t ted  us to assign the signal in 
the  IH N M R  spec t rum at 1.11 ppm to 2 -Me,  and the 
signal at 1.36 p p m  to 5 -Me.  On the basis of  the value 
4J(2-Me,3a)  = 0.6 Hz the signal of  3-H a was assigned, 
and further,  based on the 2 j  and  3 j  values, the  signals of  
3=H e, 4 - H  a and  4 - H  e were also assigned.  In the  
13C spect rum selective decoupl ing  from the methyl  pro-  

tons at 1.11 ppm causes the mul t ip l ic i ty  of  the signals at 
27.36, 32, and 70.24 ppm to become simpler.  Judging 
from the spect rum without  decoupling,  these signals 
correspond to primary,  secondary and quaternary  carbon 
atoms, respectively, i.e., to 2 -Me,  C-3,  and C-2.  Selec- 
t ive de c oup l i ng  f rom the  m e t h y l  p ro tons  at  C-5  
(1.36 ppm) permi t ted  us to assign the signals at 26.11 
(5-Me) ,  29.81 (C-4) ,  and 86.76 ppm ( C - 5 ) b a s e d  on 
changes in their  mult ipl ici ty.  

For  monolac tone  7 the signals of  the CO groups 
were assigned by selective decoupl ing from the protons 
of  the  MeO2C group, and then,  s imilarly to assignment  
in 10a, the 1H and 13C signals were assigned by con-  
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Table 2. Parameters of NMR spectra of monolactones and lactam 12 a 

Compo- Solvent 8, ppm 

und 2-CH 3 5-CH 3 CH 2 
3a 3e 4a 4e 

d/Hz 
Others 3a3e 4a4e  3a4e 3a4a 3e4a 3 e 4 e  Othe~ 

6 CD3OD 1.41 1.60 1.77 1.90 2.19 2.07 
7 CDC13 1.49 1.64 1.70 2.01 2.12 2.11 

9 CD3OD 1.42 1.51 2.02 1.80 1.92 2.27 
10a C6D 6 1.11 1.36 1.78 1.38 1.32 2.46 

10b C6D 6 1.08 1.21 2.01 1.54 1.28 2.55 

12 C6D 6 1.19 1.36 2.13 1.49 1.55 2.28 

2.59 HO 
3.78 MeO 
1.35 Bu t 

1.07 MeCH 
5,12 HCMe 

6.82 HN 
ph b 

1.19 MeCH 
5.10 _H_HCMe 

6.80 HN 
4.28 H A 
4.39 H B 
(CH2Ph) 
4.98 HO 

5.64 HNcycl 
7.12 HNCH 

-14 .7 -14 .2  4.15 13.6 3.9 3.9 
-14.7 -14.3 3.9 13.5 3.9 3.9 4J3aHO= 1.5 

-12.7 -13.8 3.4 13.6 3.4 3.4 0.7 3a2Me 
-14.0 -14.4 3.7 13.3 3.7 4.6 0.6 3a2Me 

8.0 HNCH 
6.9 HCCH 

-13.9 -14.4 3.8 13.5 3.7 4.8 0.6 3a2Me 
7.5 HNCH 
7.1 HCCH 

-12.5 -12.5 6.5 7.3 6.5 6.5 6.4 HNCH 
-14.9 HAH B 

a For the numeration of protons see in the text. b Overlapped with the signals of the solvent. 

secutive selective decoupling from 2-Me and 5-Me. In 
the case of compound 9, the signals of the C-2 and C-5 
atoms were assigned analogously to compound 10a, and 
then the other 1H and Z3C signals were assigned under 
conditions of selective decoupling from 2-Me and 5-Me. 

In the monolactones studied, the 3JHH values 
(Table 3) exclude the boat conformation (the torsion 
angle of the C(3)--C(4) bond is -600) 17 and correspond 
to the half-chair conformation. 

This conformation is confirmed rather well by the 
4JHH values and the heteronuclear coupling constants 
3JCH of the 2-Me and 5-Me carbon atoms (Table 3) 
according to the Carplus-type angle dependence 17 for 
the pseudo-e-orientation of 2-Me and 5-Me in com- 
pounds 6, 7, and for the pseudo-a-orientation of 2-Me 
in compounds 9, 10a,b (Scheme 5). 

For monolactam 12, as the 3JHH values and com- 
parison with monolactones 9, 10a,b show, the half-chair 

conformation with pseudo-e-orientation of the amide 
group can also be proposed. 

Some decrease in 3JCH at torsion angles ~45 ~ com- 
pared to the expected values obtained using the Carplus- 
type dependence 17 should be noted. This phenomenon 
can be explained both by the effect of electronegative 
substituents, and by distortions of the torsion angles in 
the half-chair conformation. Thus, the torsion angle at 
the endocyclic O--CO bond in 8-valerolactone is 5.7 ~ 
while in the canonical form it is 0~ 16 The lack of 
reliable data on the dependence of the coupling con- 
stants of carbonyl carbon atoms on the angle 
(sp2-hybridization) does not allow us to use the mea- 
sured 3JcH of C-1 and 5-CO carbon atoms for establish- 
ment of the conformation (cf Ref. 17). Nevertheless, a 
qualitative estimation of the orientation of the 5-COX 
substituent can be done using the values of these cou- 
pling constants: the 3JCH values > 5 Hz indicate that the 

3a 

.1 3 COX 

H I0 4 T 
4a 

6, 7 

Scheme 5 
3a 

_1 3 COX 

I 0 ~ f~.4e Me 
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4a 
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COX 3a 1 ) 4e 
~ ~ ) C(3) C(3) 

M e _ _ C ( 4 )  ~ ~ H O ~  ,/u--C(4) O . ~ f f 5 M , 7 5  ~ 
~7~ ' ~ / " ~  0""  ~ 4 5  Me ~165~ ~ e 
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Table 3. Parameters of  the 13C N M R  spectra of  monolactones and monolactam a 

Compo- 8, ppm J/Hz 
und 5-CH 3 2-CH3 4-CH2 3-CH 2 2-C 5-C 5-CO 1-CO Others 

6 b 25.22 26.28 29.93 33.61 69.85 85.41 175.04 175.29 
1d = 129.0 l j  = 127.6 I j  = 131.8 1d = 129.0 3j  = 4.0 q 

3j  = 4.2 q 3j  = 4.2 q (2-CH3) 
(5-CH 3) (2-CH3) 

24.54 26.55 28.91 31.59 68.77 83.94 173.3 
10'= 131.0q 4a'= 128.0q I j =  133.2q I j =  129.9q 3 j =  3.5 q 

3j  = 2.8 d 3j  = 2.8 d 3j  = 3.6 q 30' = 3.5 q (2-CH3) 
(4a) (3a) (5-CH3) (2-CH3) 30' = 5.5 d 

3 j =  1.4 d 30'= 1.4 d (3e) 
(4e) (3e) 

7 c 

9 b 25.8 28.8 33.09 35.02 71.43 88.68 
i j =  128.1q I j =  128.6q I j =  130.8 q I j =  130.3 

3 j =  3.3 d 3 j = 6 . 0 d  
(4a) (3a) 

3j = 4.4 d 
(3e) 

10a d 26.11 27.36 29.81 32.32 70.24 86.76 
I j  = 128.3 q 1j = 128.0 q I j  = 131.5 t 1j = 131.4 t 

lob d 26.03 27.29 29.54 32.55 70.30 86.63 
1 j =  129.7q I j =  128.7q ~J=  131.8t 1 j =  132.1t 
3 j =  2.8 d 3 j = 4 . 0 d  

(4a) (3a) 

3j  = 5.0 d 
(3e) 

12 d 26.51 26.45 36.67 36.51 87.47 87.76 
1 j =  127.3 q I0 '= 127.3 q 1 j =  134.2 t I j  = 134.2 t 

172.03 
3j  = 7.3 d (4a) 
3j  = 1.8 d (4e) 

3j = 3.8 q 
(MeO) 

3j  = 3.7 q 
(5-CH 3) 

178.65 179.5 
3j = 6.5 d 30' = 7.1 d 

(4a) (3e) 

171.51 175.88 
3 j =  5.5 d 3 j =  2 .2d  

(4a) (3a) 
3j = 1.9 d 3j  = 5.8 d 

(4e) (3e) 
3j = 3.5 q 
(5-CH3) 

171.27 175.70 
3j = 5.5 d 30' = t.8 d 

(4a) (3a) 
3j = 2.0 d 3j = 5.5 d 

(4e) (3e) 
3j = 3.5 q 
(5-CH3) 

t77.69 f 180.73 f 

52.56 MeO 
I j  = 148.1 q 

27.87 
(_CH3)3C 

l j  = 128.9 q 
52.63 s 

(CH3)3__C 

22.17 
C_H3CH 

l d =  127.3 q 
49.43 

C H C H  3 
ld = 140.5 d 

126.17; 
128.77; 129.9; 

143.88 Ph e 
22.1 

__CH3CH 
1j = 127.9 q 

51.37 
C H C H  3 

Jd = 140.8 d 
2,] = 2.8 q Me 

126.26; 
128.62; 129.6; 

143.70 Ph e 
43.83 

CH2N 
id = 137.3 t 

3j = 4.5 t H o 
128.1; 128.23; 
129.47; 139.89 

ph e 

a For the numeration of the atoms and configurations see the text. b In CD3OD. c In CDC13, 
e Assigned under conditions of complete decoupling from protons. 
fAssigned under conditions of decoupling from the protons 2-Me and 5-Me protons. 

d In C6D 6. 

p s e u d o - e - o r i e n t a t i o n  o f  5 - C O X  is favored  in m o n o -  
lac tones  7, 10, 10a,b.  

T h e  resul ts  o b t a i n e d  agree  with  the  results  o f  ca lcu-  
la t ions  and  e x p e r i m e n t a l  data ,  w h i c h  ind ica t e  tha t  
8 - v a l e r o l a c t o n e  has  t he  half-chair and boat  c o n f o r m a -  
t ions,  wi th  a sl ight  d i f fe rence  in energy  (0.5--1 k c a l / m o l )  
in favor  o f  t he  f o r m e r  one.  18,19 

T h e  d i f fe rences  in t he  t r end  for fu r the r  cyc l iza t ion  
b e t w e e n  the  f ive-  (A, B w h e n  R = H,  Alk) and six- 
m e m b e r e d  l ac tones  s tud ied  in Ref.  5 - - 1 0  and by us, 
w h i c h  were  r ega rded  in the  beg inn ing  o f  this  paper ,  can  
be exp la ined  by s igni f icant  w e a k e n i n g  o f t h e  n o n - b o n d -  

ing in t e rac t ion  o f  the  subst i tuents  in ! ,4 - subs t i tu t ed  
systems c o m p a r e d  to  1 ,3-subst i tu ted  systems.  Such a 
d i f fe rence  is observed,  for example ,  in oxida t ive  cycl iza-  
t ion o f  cyc loa lkenedi th io l s :  20 b icyc l ic  disulf ide forms 
f rom cis-cyclohexene-3, 6-d i th io l  u n d e r  mi ld  cond i t ions  
and in a h igh  yield,  whi le  it c anno t  be ob ta ined  f rom cis- 
c y c l o p e n t e n e - 3 , 5 - d i t h i o l  at all. 

Experimental 

N M R  Spectra were obtained on a Bruker WM-400 (1H 
400.13; 13C 100.62 MHz) spectrometer using TMS as internal 



Autoassembly of  cage structures Russ. Chem.Bull., VoL 43, No. 4, April, 1994 605 

standard, EI and CI mass spectra were recorded on a Hitachi 
M-80A spectrometer at ionizing voltage 20 and 70 eV, and the 
IR spectra were measured on a UR-20 spectrophotometer for 
solutions in CHC13 or in KBr tablets. Melting points were 
determined on a Boetius RNMK-0.5 table at heating speed 4-- 
5 ~ The parameters of the NMR spectra are given in 
Tables 1--3. 

Absolute solvents and freshly prepared and purified re- 
agents were used in the syntheses. 

d,l-c~,c~'-Dihydroxy-~,a'-dimethyladipic acid (DDA) (la). 
13.5 mL of conc. HCI (d = 1.17) was added dropwise for 1 h 
to a mixture of 10.3 g (158 mmol) of KCN and 9 g (79 mmol) 
of acetonylacetone (AA) with ice water cooling (4.5--7 ~ in a 
bath), and the reaction mixture was stored for 3 days at 20 ~ 
Then the mixture, which became dark, was treated with 15 mL 
of conc. HC1 and stored for an additional 3 days at 20 ~ To 
dissolve the inorganic salts, 100 mL of water were added to the 
mixture, which partially crystallized. Needle-like crystals were 
filtered off, washed with EtOH (100 mL) and then with Et20 
(3x30 mL), and dried in vacuo to give 0.23 g of colorless 
prism-like crystals. 0.8 g of the product was additionally 
isolated from the mother liquor. Total yield of la  is 1.03 g 
(6%); m.p. 193--220 ~ (from a MeOH--Et20 mixture). 
Found (%): C, 46.66; H, 6.98. _C18.H1406. Calculated (%): 
C, 46.60; H, 6.80. IR (KBr), v/cm . 1745 v.s (C=O); 2950-- 
3040 (CH2,CH3); 3455 (OH). Mass spectrum m/z (/tel(%)), 
EI, 70 3B): 144 [M + - CO 2 - H20 ] (33), 143(14), 125(12), 
116(33), 115(15), 98(15), 97(I4), 93(7), 92(9), 91(5), 59(11), 
58(8), 55(7), 46(18), 43(100), 41(10). 

All of the mother liquor obtained during isolation of la, as 
well as the solvents used to wash crystals, were evaporated, and 
the solid residue was extracted with hot chloroform 
(6x50 mL). The solvent was evaporated, and the residue was 
sublimated at 100 ~ Torr to give 0.6 g of dilactone 3, m.p. 
98--99 ~ Found (%): C, 56.58; H, 5.90. CsH1004. Calcu- 
lated (%): C, 56.47; H, 5.88. IR (CHCI3), v/cm-~: 1795 v.s 
(C=O); 2955--3010 (CH2,CH3). Mass spectrum, m/z (Ir~l(%), 
gI, 70 eV): 171 (0.1), 170 [M*I (2.4), 126(2.3), 99(7), 98(89), 
97(12), 69(7), 59(6), 58(15), 43(i00), 41(16): 

A solution of 1 g of 3 in 40 mL of water was refluxed for 
2.5 h, then activated carbon was added, and reflux was contin- 
ued for an additional I0 rain. Then the solution was filtered 
and evaporated to give 0.8 g (66 %) of d,/-DDA, which was 
identical to that described above according to the melting 
point and the IH NMR spectrum (Table 1). 

Meso-DDA (lb). A solution of I0.6 g (93 retool) of AA in 
7 mL of H20 was added to 13 g (200 mmol) of KCN, and then 
20 mL of conc. HC1 (d = 1.17) was added in small portions at 
4 ~ (in a bath). The reaction mixture was stored for 3 days at 
20 ~ then 25 mL of conc. HC1 was added, and the mixture 
was stored for an additional 10 days at 20 ~ 150 mL of cold 
water was added to the crystallized mixture, and the insoluble 
residue was separated, washed with cold water (2x30 mL), 
with EtOH (15 mL), and with ether (2x15 mL). After drying 
in vacuo, (24 h) 4.8 g o f l b  was obtained, m.p. 210--211 ~ 
The mother liquors were united, evaporated, and the dry 
residue was extracted with hot benzene (2x70 mL). After 
removal of the solvent, the residue was washed with cold ether 
and dried in vacuo to give 2.4 g of white crystals that were 
identical to lactone 3 according to the melting point and the 
JH NMR spectrum (Table 1). The residue after benzene 
extraction was vacuumed and dissolved in hot water. The 
precipitated crystals, (0.82 g), were recrystallized from water 
and were found to be meso-DDA according to the 1H NMR 
spectrum, m.p. 212--220 ~ All of the aqueous mother liquors 
were united, 100 mL of ether and 80 mL of conc. HC1 were 

added and the mixture was stored for 5 days at 20 ~ Then the 
ether layer was separated and the water layer was extracted 
with chloroform. The organic extracts were combined, treated 
with 5 % solution of NaHCO 3 (2x200 mL) and dried over 
CaCI 2. After removal of the solvents, the residue was subli- 
mated at 100 ~ Torr. 1.09 g of dilactone 3 was isolated. 
Altogether, 5.62 g (29 %) of lb and 3.3 g (21%) of 3 were 
obtained. For lb, found (%): C, 46.24: H, 6.66. C8H1406. 
Calculated (%): C, 46.60; H, 6.80. IR iKBr), v/cm-1:1750 
sh., 1780 v.s (C=O); 2950--3050 (CH2CH3) , 3475 br (OH). 

d,I-DDA dimethylate (2a). An ether solution of CH2N 2 
was added to a solution of 0.3 g (1.46 retool) of acid la  in 10 
mL of MeOH at -5+5  ~ until a stable yellow color of the 
reaction mixture appeared. After 0.5 h, the solvents were 
distilled off, the remained yellow oil was dissolved in ether and 
filtered, and the solvent was distilled off again. After recrystal- 
Iization from petroleum ether (40--70 ~ 0.26 g (76.5 %) of 
2a was isolated, m.p. 65--66 ~ Found (%): C, 51.14; 
H, 7.45. CI0Ht806. Calculated (%): C, 51.28; H, 7.69. IR 
(CHCt3), v/cm-t: t740 v.s (C=O); 2965--3005 (CH2,CH3) , 
3545 (OH). 

Meso-DDA dimethylate (2b). Similarly to diester 2a, 0.45 g 
(92 %) of 2b was obtained from the reaction of 0.43 g 
(2.1 mmol) of lb in 20 mL of MeOH and an excess of CH2N 2 
at 20 ~ m.p. 118--!20 ~ (from Et20 ). Found (%): C, 51.39; 
H, 7.95. CIoHIsO 6. Calculated (%): C, 51.28; H, 7.69. IR 
(CHCI3), v/cm-l:  1740 v.s (C=O); 2960--3020 (CH2,CH~) , 
3545 br (OH). 

Dilaetone DDA (3). a. 0.12 g (0.58 retool) of acid la  was 
heated in a distillation flask with an open burner flame in 
vacuo (1 Tort) to give 40 mg (40 %) of 3, m.p. 98--99 ~ 
(from Et20). 

b. 0.3 g (t.46 mmol) of DCC was added to a solution of 
0.1 g (0.49 mmol) of la  in 20 mL of pyridine, and the mixture 
was stirred for 5 days at 20 ~ The precipitate was filtered off, 
the solvent was removed, the remaining oil was dissolved in 
30 mL of ether, and a flow of dry HC1 was bubbled through 
the solution to bind the remaining pyridine. After the removal 
of the pecipitate and evaporation of the solvent, the residue 
was sublimated to afford 35 mg (43 %) of 3. 

c. A mixture of 0.2 g (8.5 mmol) of 2a, 5 mL of toluene, 
and 0.1 g of TsOH.H20  was refluxed for 12 h, then the 
solvents were distilled off, the dry residue was dissolved in 
benzene, the obtained solution was filtered, and the solvent 
was removed. Sublimation of the residue gave 0.14 g (92 %) of 
3 as white crystals. 

d. A mixture of 70 mg (0.27 retool) of 9 and 50 mg 
(0.27 mmol) of TsOH. H20 in 2 mL of toluene was refluxed 
for 2 h. Needle-like crystals of TsOH-H2NBut  (m.p. 
215--217 ~ were filtered off and washed with ether. The 
filtrate was evaporated, and the dry residue was dissolved in 
benzene and was evaporated again to give 40 mg (91%) of 3. 

e. Analogously, 40 mg (90 %) of 3 (m.p. 98--99 ~ was 
obtained from 0.1 g (0.26 mmol) and 50 mg (0.27 mmol) of 
TsOH �9 H20 in 5 mL of toluene. 

Diiminodilactone of DDA (4). 7 mL of concentrated HC1 
(d = 1.15) was added dropwise with stirring to a mixture of 
5.5 g (85 mmol) of KCN in 2.8 mL of water and 4.5 g 
(39 mmol) of AA in 2 mL of water at -20  to 25 ~ The 
mixture was stored for 24 h at 4 ~ and the precipitate was 
filtered off and washed with ether. The mother liquor was 
extracted with ether (3x20 mL), and the extract was evapo- 
rated. The oily residue was dried in vacuo and extracted with 
petroleum ether (40--70 ~ Evaporation of this extract gave 
2 g of the starting AA. The oil that remained after extraction, 
was dried in vacuo (1 Torr) for 8 h, dissolved in ether and 
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stored for 3 days at 4 ~ The precipitated crystals (0.1 g) were 
separated, the filtrate was evaporated, and the residue was 
dissolved in ether. After cooling, an additional 0.6 g of crystals 
was isolated. Total yield was 0.7 g (19 % relative to the amount 
of reacted AA). After sublimation at 100--120 ~ (1 Torr), 
0.3 g (8 %) of 4 was obtained as white crystals, m.p. 148-- 
155 ~ soluble in CHC13, MeOH, poorly soluble in ether, 
and insoluble in petroleum ether. Found (%): C, 57.29; H, 7.13; 
N, 16.64. CsH12N202. Calculated (%): C, 57.14; H, 7.14; 
N, 16.67. IR (KBr), v/cm-l: 1696 v.s. (HN--C); 2940--2990 
(CH2,CH3); 3210 v.s., 3390--3410 (NH). Mass spectrum, m/z 
(Ire1(%), gI, 20 eV): 168 [M +] (0.5), 140(0.2), 125(15), 68(17), 
58(100), 43(18), 41(5). 

A mixture of 0.1 g (0.6 mmol) of 4, 10 mL of ether and 
5 mL of concentrated HCI (d = 1.17) was stored for 10 days. 
Then it was evaporated, and the dry residue was twice subli- 
mated at 100 ~ (1 Torr) to give 91 mg (90 %) of 3. 

Lactonolaetam (5). 20 mL of conc. HCI (d = 1.17) was 
added dropwise to a mixture of 10.6 g (93 mmol) of AA and 
12 g (185 mmol) of KCN at 0 ~ Spontaneous heating to 
l0 ~ was observed during this procedure. After 3 days, an 
additional 21 mL of conc. HCI was added to the darkened 
trfixture at 20 ~ and the mixture was stored for 9 days. Then 
15 mL more of conc. HC1 was added with stirring, and the 
mixture was stored for 7 days. 50 mL of water was added to the 
mixture, which strongly darkened, and the precipitated crystals 
of meso-DDA lb (4.2 g, 22 %) were isolated. The filtrate was 
evaporated, and the dry residue was extracted with hot ben- 
zene (2x40 mL). After evaporation of the extract, 1 g (6 %) of 
dilactone 3 was obtained. The residue that was obtained after 
extraction with benzene, was dried in vacuo and washed with 
acetone (3x50 mL), and with methanol (3x50 mL) to give 6 g 
of the pink crystals, which were distilled in vacuo using an 
open burner flame (25--30 Torr). The distilled substance 
(0.9 g) was dissolved in ether and stored for 24 h at 4 ~ The 
precipitated crystals were filtered and dried in vacuo to give 
0.8 g of 5 (5.1% relative to the amount of reacted AA), m.p. 
171--173 ~ (from water). Found (%): C, 56.84; H, 6.37; 
N, 8.21. C8HHNO 3. Calculated (%): C, 56.80; H, 6.51; 
N, 8.28. IR (CHC13), v/cm-1:1735 v.s and 1755 sh. (C=O); 
3000--3070 (CH2,CH3), 3380 br.s (NH); tabl. KBr: 1650, 
1680; 1730 and 1750 (C--O); 2940--2980, 3010 (CH2,CH3); 
3100--3120 and 3170--3230 (NH). Mass spectrum, m/z (/tel(%), 
EI, 20 eV): 169 [M +] (5), 124(45), 99(8), 98(100), 97(15), 
58(10), 43(47) (cf mass spectra of 3 and 4, CI): 339 [2M++H], 
170 [M++H]. 

A mixture of 0.05 g (0.3 mmol) of 5, 10 mL of ether, and 
! mL of conc. HC1 (d = 1.17) was stored for 11 days at 20 ~ 
After evaporation to dryness in vacuo the residue was recrystal- 
lized from ether to give starting lactonolactam 5. 

Monolaetone of meso-DDA (6). 0.8. g (3.88 mmol) of lb 
was ground to a powder, placed into a distilling flask, and 
heated in vacuo (15--20 Torr) for 1.5 h at 140--170 ~ in an 
oil bath. First water was released, which was removed in vaeuo, 
then a small amount of 3 was sublimated. The contents of the 
distilling flask were extracted with boiling ether (15x3 mL), 
and the solvent was evaporated. The residue was washed with 
benzene to remove traces of 3 and recrystallized from ether to 
give 0.34 g (46.5 %) of 6, m.p. 148--150 ~ (cf Ref.3). Found 
(%): C, 51.06; H, 6.38. CsH12Os. Calculated (%): C, 51.10; 

1 H, 6.43. IR (KBr), v/cm- : 1730 sh., 1740 and 1745 sh. 
(C=O). Mass spectrum, m/z (CI) : 189 [M++H]. Compound 6 
transforms to meso-DDA lb (1H NMR) when storing in 
aqueous CD3OD for two weeks . 

Methyl ester of meso-DDA monolactone (7). A soiution of 
0.3 g (1.6 mmol) of 6 in 5 mL of MeOH was treated with 
excess CH2N 2 in ether at 20 ~ After removal of the solvents, 
the oil residue was crystallized from an ether--n-pentane 
mixture (4 ~ to afford 0.2 g (62 %) of 7 as colorless plate 
crystals with m.p. 85--87 ~ which are readily soluble in 
MeOH, CHCI3, poorly soluble in Et20 , and insoluble in 
n-pentane. Found (%): C, 53.83; H, 7.03. C9H1~O s. Calcu- 
lated (%): C, 53.47; H, 6.93. IR (CHCI3) , v/cm!~: 1740 and 
1755 v.s (C=O); 2950--3050 (CH2,CH3); 3560 br (OH). Mass 
spectrum, m/z (CI): 405 [2M++H], 203 [M++H]. Compound 
7 did not change after 2 months storage in MeOH (1H NMR). 

Bis(d,l-DDA benzylamide) (8). 0.6 g (5.6 mmol) of 
benzylamine was added dropwise to lg (5.88 retool) of dilactone 
3 in 30 mL of ether at 20 ~ After 2 h, an oil was precipitated, 
which solidified after cooling. Recrystallization from a MeOH-- 
H20 mixture afforded 0.48 g (42.5 %) of 8 as white needle-like 
crystals, m.p. 133--135 ~ which are soluble in MeOH, 
CHC13, benzene, and insoluble in n-pentane, Et20 and H20. 
Found (%): C, 68.76; H, 7.06; N, 7.45. C22H28N204. Calcu- 
lated (%): C, 68.75; H, 7.29; N, 7.29. 1R (CHC13) , v/cm-l: 
1675 (CO, amide); 1540 (Ar), 3015 (CHz,CH3); 3350 br 
(NH), 3425 (OH). Mass spectrum, m/z (Irel(%), EI, 20 eV): 
385 (0.25), 384 [M +] (0.65), 351(0.35), 297(0.25), 277(0.5), 
233(16), 232(t00), 204(5), 125(18), 115(10), 108(10), I07(20), 
106(34), 91(42.5), 79(9). 

Tert-butylamide of d,I-DDA monolaetone monohydrate (9). 
A solution of 0.34 g (4.66 retool) of tert-butylamine in 10 mL 
of ether was added to a solution of 0.8 g (4.71 mmol) of 3 in 50 
mL of ether at 20 ~ The mixture was stored for 10 days to 
give 0.4 g (32 %) of 9 as prisms, m.p. 158--160 ~ soluble in 
water, MeOH, poorly soluble in benzene and CHCI 3. Found 
(%): C, 55.09; H, 8.73; N, 5.52. C12H21NO 4 �9 H20. Calculated 
(%): C, 55.17; H, 8.81; N, 5.36. IR (KBr), v/era-l: 1630 (CO, 
amide); 1740 (CO eycl.), 2990 (CH2,CH~); 3270 (NH), 3483 
(OH). Mass spectrum, m/z (CI): 262 [ M + H ] .  

Reaction of dilactone 3 with S-(-)-c~-phenylethylamine. 
A solution of 0.36 g (3 retool) of S-(-)-c~-phenylethylamine 
(c~-PEA) in 15 mL of Et20 was added to a solution of 0.52 g 
(3 mmol) of 3 in 50 mL of Et20 at 20 ~ After 7 days, CO 2 
was bubbled through the solution to remove unreacted a-PEA, 
and then the ether was evaporated. The residue (0.75 g) was a 
semi-crystalline viscous substance, and, according to the NMR 
spectrum (see Table 2), it was a mixture of diastereomers of 
d,I-DDA amidolactones 10a,b in a 1:1 ratio and bis(c~- 
phenylethylarnide)(d,l-DDA) 11. The latter was isolated as 
white needles, m.p. 180--182 ~ (from benzene). Found (%): 
C, 69.89; H, 7.76; N, 6.37. C24H32N204. Calculated (%): 
C, 69.90; H, 7.77; N, 6.80. ~H NMR (C6D 6 + CD3OD), 8: 
1.22 (d, CH3CH, 3 H, 3JHH = 6.9), 1.45 (S, CH3, 3 H), 1.91 
(m, CHz--CH2, 4 H), 5.08 (q, HC, 1 H), 7--7.2 (m, Ph, 5 H). 
[a] 23 = - 9 4 0 2  ~ (c053,  MeOH) 

D " " " 

Lactam of 2.5-dimethyl-2-hydroxy-5-aminoadipic acid 
benzylamide (12). a. A mixture of 0.45 g (2.7 retool) of 
lactonolactam 5 and 0.7 g (6.5 mmol) of benzylamine in 
20 mL of ether was stored for 6 days at 20 ~ then it was 
evaporated, and the residue was washed with petroleum ether 
(40--70 ~ and sublimated at 100 ~ Torr to give 0.15 g 
(20.5 %) of yellowish crystals, m.p. 90--105 ~ After the third 
sublimation 70 mg (9.5 %) of 12 was isolated as white crystals, 
m.p. 109--110 ~ Found (%): C, 65.41; H, 7.16; N, 9.83. 
C15H20N203. Calculated (%): C, 65.22; H, 7.25; N, 10.14. IR 
(CHC13), v/cm-l: 1680 (CO, amide); 1705 (CO), 2990--3065 
(CH2,CH3); 3415--3455 (NH), 3525 (OH). Mass spectrum, 
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m/z (Irel(%), El, 20 eV): 276 [M +] (5), 233(7), 232(3.3), 
143(22), 142(100), 126(7), 125(57), 114(71), 106(10), 98(15), 
97(27), 91(58), 86(30), 57(11), 43(35), 18(4). 

b. A solution of 0.1 g of 5 in 1 mL of benzylamine was 
stored for 3 days. After evaporation the residue (yellowish oil) 
was extracted with boiling Et20 (3x 10 mL). The precipitated 
white needle-like crystals were isolated and dried in vacuo to 
give 0.15 g (92 %) of 12. 

Reaction of 12 with TsOH �9 H20. A mixture of 40 mg (0. !5 
mmol) of 12 and 40 mg (0.21 retool) of TsOH �9 H)O in 2 mL 
of toluene was refluxed for 1.5 h. After isolation of benzylamide 
salt, the mixture was evaporated, the residue was dissolved in 
acetone, filtered, evaporated again, and the residue was dried 
in vacuo for 2 h. Sublimation (150 ~ Torr) and recrystalli- 
zation from ether afforded 0.16 mg (62 %) of lactonolaetam 5. 

Attempt to carry out the reaction of lactonolactam 5 with 
t-BuNH 2. A solution of 90 nag (1.23 mmol) of t-BuNH 2 was 
added to a solution of 0.2 g (1.18 retool) of 5 in 20 mL of Et20 
at 20 ~ After 2 months, the mixture was evaporated to afford 
starting lactonolactam 5 (1H NMR). 

1,4-Dimethyl-4-oxy-4-cyclohexane-l-carboxylic acid ben- 
zylamide (14). A solution of 0.3 g of lactone 13 14 in 2 mL of 
benzylamine was refluxed for 40 h, evaporated in vacuo, and 
the residue was extracted with boiling n-hexane (4x 15 mL). 
The precipitate of colorless glittering crystals was isolated and 
dried in vacuo to give 90 mg (18 %) of 14, m.p. 97--98 ~ 
Found (%): C, 73.91; H, 8.70; N, 5.15. C16H23NO 2. Calcu- 
lated (%): C, 73.56; H, 8.81; N, 5.36. IR (CHC13) , v/cm-l:  
1530 (Ph), 1670 (C=O); 2950--3030 (CH2,CH3); 3480 (NH, 
sharp), 3620 (OH, sharp). 1H NMR (C6D6) , 6 :0 .96  (s, 
1-CH3, 3 H), 1.02 (s, 4-CH 3, 3 H), 1.28 (m, 2,6-Ha, 2 H, 
2J2a2e(6a6e~ = -13.6; 2J2a3ar = 10.7; 2J2a3e(6a5e~ = 4.2), 1.41 
(m, 2',6-]2Ie, 2 H, 3J2e3a(6~sa) '= 4.2), 1.19 (~,  ~ H, 3,5-He, 
2J3a3~(Sa.~e ) = -13.3), 2.04 (m, 2 H, 3,5-Ha), 4.34 (d, 2 H, 
Cf2t2 ~,  ~JHcNH = 5.9), 5.63 (br. s, 1 H, HN), 7.05--7.14 (m, 
5 H, Ph).-r3-(J NMR (C6D6), 6:22.11 (q, 1-CH3, 1 j =  126.2), 
29.29 (q, 4-CH 3, I j =  126.2), 31.09 (t, 2,6-CH2, 1 j=  127.62), 
35.48 (t, 3,5-CH2, I j  = 126.3), 41.59 (s, l-C), 68.46 (s, 4-C), 
127.3, 127.77, 128.75 and 139.93 (m, Ph), 177.76 (m, CO). 
Mass spectrum, m/z (/tel(%), El, 20 eV): M + -  absent, 
245(16), 244(90), 243(15), 229(30), 216(14), 177(25), 147(7), 
138(9), 111(20), 110(35), 109(100), 108(3t), 107(31), 96(10), 
95(47), 91(82), 81(16), 69(9), 68(28), 67(14), 43(12). 

When a mixture of equimole amounts of 14 and TsOH �9 H20 
in C6DsCD 3 was refluxed for 1.5 h, the signals of starting 
compounds disappeared from the 1H NMR spectra and 13 and 
the TsOH salt of benzylamine were formed. 
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