
tion, washed with alcohol and water ,  and dr ied  to give 0.05 g (40.6%) of VI with mp 355~ (from alcohol). Found: 
C 74.0; H 6.6; N 9.1%; M 308 {by mass  spec t romet ry ) .  CIgH20NzO ~. Calculated: C 74.0; H 6.5; N 9.1%; M 308. 

t r ans -3a -  Methyl- l ,2 ,3 ,4 ,5 ,6 ,6a ,  8 ,9 ,9a-decahydro-  7H-indeno [5,4-h] [9H-pyrido[3,4-b]indole]- 1,7-dione (VII). 
Workup of the f i l t ra te  y ie lded 0.042 g (32.6%) of a mixture ,  which, according to the PMR spect rum,  contained 
85% i s o m e r  VII and 15% i somer  VI. Crys ta l l iza t ion  of the mixture  f rom alcohol yielded VII with mp 325"C. 
Found: C 73.8; H 6.5; N 9.1%; M 308 (by mass  spec t romet ry ) .  C18H20N202. Calculated: C 74.0; H 6.5; N 9.1%; 
M 308. 
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R E S E A R C H  ON 1 - A Z A  T W O - R I N G  S Y S T E M S  

XVI.* SYNTHESIS OF 5-, 6-,  AND 7-CARBETHOXYMETHYL-1,2-DIHYDROPYRROLIZINES 

AND METHOD FOR THE ISOLATION OF 5-CARBETHOXYMETHYL-1,2-  

DIHYDROPYRROLIZINES FROM MIXTURES WITH OTHER ISOMERS 

I .  M. S k v o r t s o v ,  S. A. K o l e s n i k o v ,  
Y u .  Y u .  S a m i t o v ,  a n d  G.  D.  S h c h e r b a k o v a  

UDC 547.759.3 : 542.951.3 : 541.63 : 543.422.25 

M ~ t u r e s  of i somer i c  5-,  6-,  and 7 -ca rbe thoxymethy l - l , 2 -d ihydropyr ro l i z ines  were  obtained 
by reac t ion  of 1 ,2 -d ihydropyr ro l iz ines  with ethyl diazoacetate .  The ef fec t  of the position of 
the alkyl groups in the two-membered  ring on the ra t io  of i so m er s  in the react ion products  
is demonst ra ted .  A method fo r  the isolation of 5 -ca rbe thoxymethy l - l , 2 -d ihydropyr ro l i z ines  
f rom the mix tures  of i somers  based on the di f ference in thei r  reac t iv i t ies  in diazo coupling 
is descr ibed.  The p r e f e r r e d  conformat ions  of the two-membered  rings in the 5-carbe thoxy-  
methyl-  1 ,2 -d ihydropyr ro l iz ines  a re  judged f rom the PMR spec t ra l  data. 

We have previous ly  demons t ra ted  that mix tures  of compounds with a carbethoxymethyl  group in the 5 and 
7 posi t ions a re  obtained as a r e su l t  of the react ion of 1 ,2-d ihydropyrro l iz ines  with ethyl diazoacetate  (in con-  
t r a s t  to the analogous reac t ion  of the s imples t  p y r ro l e s ,  which leads to products  of substi tut ion of the a - c a r -  
bon atoms [2]) [3]. In the p re sen t  paper  we descr ibe  the resu l t s  of fu r the r  studies of the products  of the r e a c -  
tion of 1 ,2 -d ihydropyr ro l iz ines  (I-IV) with ethyl diazoacetate  (V) and p r e sen t  new data on the prepara t ion  of 6- 
ca rbe thoxyme thy l - l , 2 -d ihyd ropyr ro l i z ine s  (XIV-XVII) in addition to 5- (VI-IX) and 7-carbethoxymethyl  (X-XrfI) 
der iva t ives :  

7/~,~~ ' - - -~1 + N2CHCOOC2H~ . Cu 

~ ~1 V 
R" 

I - IV 

* See [1] fo r  communicat ion XV. 

N. G. Chernyshevski i  Saratov State Universi ty,  Saratov 410601. V. I. Ul 'yanov-Lenin Kazan State Uni- 
ve r s i ty ,  Kazan 420008. Trans la ted  f rom Khimiya Geterots ikl icheskikh Soedinenii, No. 8, pp. 1090-1096, 
August, 1977. Original a r t i c le  submitted June 30, 1976. 
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Fig.  1. P M R  s p e c t r u m  of a solution of the mix -  
ture including 72% VI, 25% X, and 3% XIV in CCI a. 

~ R + HsC2OOC--CH2"~R + I15C2OOC_CI.12/~I R 

lls%00 C'-~CII 2 R' R' R' 
VI-IX X-XIII XIV-XVll 

I, VI, X, XIV R=R'=I-I; II, VII, XI, XV R=CH3, R'=H; IIl, VIII, XIt, XVI R=H, 
R'~CH3; IV, IX, XIII, XVII R=C~Hs, R'=H 

The reac t ion  was c a r r i e d  out with a copper  ca ta lys t  [4]. In o r d e r  to avoid the fo rmat ion  of a f umar i c  
acid e s t e r  and to reduce  the f rac t ion  of polysubst i tu ted products ,  we c a r r i e d  out the p r o c e s s  a t  a m o l a r  ra t io  
of reagents  I-IV and V of .~2 : 1. Af ter  r em ova l  of the s ta r t ing  1 ,2 -d ihydropyr ro l iz ines  and heavy f rac t ions ,  
the resu l t s  of e l emen ta ry  analys is  of the t h r e e - c o m p o n e n t  mix ture  [according to gAs- l iqu id  chromatography  
(GLC)] we re  in a g r e e m e n t  with products  of the addition of one ca rbe thoxycarbene  pa r t i c l e  to one molecule  of 
one o r  another  1 ,2-d ihydropyrro l iz ine .  The i r  s t r uc tu r e s  we re  es tabl i shed by IR and NMR spec t roscopy .  

An examinat ion of the II~ spec t r a  of the mix tu res  provides  evidence for  the p r e s e n c e  of compounds of the 
p y r r o l e  type that contain an e s t e r  group. The cha rac t e r i s t i c  VC_i~ - absorpt ion  of the p y r r o l e  ring is observed  
at  3100-3125 cm -1 [5, 6]. Retention of the d ihydropyrro l iz ine  s t ruc tu re  in the t r ans fo rmat ion  products  is con- 
f i rmed  by the p r e s e n c e  in the s pec t r a  of all  of the mix tu res  of three bands of weak and medium intensity at  
1500-1600 cm -1, which a r e  assoc ia ted  with the s t re tching v ibra t ions  of the py r ro l e  r ing [6-8], and s t rong ab- 
sorpt ion  a t  1300 cm -1, which is pecu l i a r  to N-a lkyl -subs t i tu ted  p y r r o l e s  [6, 9]. Complex absorpt ion  consis t ing 
of two dist inct  and one unresolved peak is obse rved  in the low-frequency region of the spec t r a  of the inves t i -  
gated mix tures  at 700-780 cm -1. In analogy with s i m p l e r  py r ro l e  compounds,  these bands probably  should be 
ass igned to the out -of -p lane  deformat ion  v ibra t ions  of the C - H  bonds of the p y r r o l e  ring [6]. The s t rong 
doublet of a carbonyl  group cen te red  at 1732-1740 cm -1 and the cha r ac t e r i s t i c  VC_ O absorpt ion consis t ing of 
two bands (~1265 and 1040 cm -1) const i tute  evidence fo r  the p r e s e n c e  of an e s t e r  group in the invest igated 
compounds.  

The PMR spec t r a  of the invest igated mix tu re s  a re  of the s ame  type in all four  cases ;  the s p e c t r u m  of 
the mix ture  of i s o m e r s  VI, and X, and XIV is p re sen ted  in Fig:  1 as an example .  The ass ignment  of the s ignals  
of the py r ro l e  protons  was made in analogy with the ass ignment  desc r ibed  fo r  mix tu re s  of i somer i c  5- and 
7 - ~ - h y d r o x y e t h y l ) - l , 2 - d i h y d r o p y r r o l i z i n e s  [11] and 5 -hyd roxyme thy l - l , 2 -d ihyd ropy r ro l i z ine s  [12]. It follows 
f r o m  the data f r o m  the analys is  of the spec t r a  (Table 1) that two compounds,  the foundation of which is a dihy- 
d ropyr ro l i z ine  s y s t e m  with a subst i tuent  in the 5 posit ion of the p y r r o l e  por t ion  of the two-r ing s y s t e m  in one 
case  and in the 7 posit ion in the other ,  p redomina te  in the mix tu res  of the products  of the reac t ion  of 1 ,2-dihy-  
d ropyr ro l i z ines  I-IV with reagent  V. The s inglets  with chemica l  shifts  of 3.34-3.40 ppm were  ass igned to the 
CI~2-CO group of i s o m e r s  VI-IX (the analogous methylene protons in the re la ted  monocycl ic  1 - m e t h y l - 2 , 5 - d i -  
ca rbe thoxymethy lpyr ro le  analog show up in the PMI~ spec t rum as a s inglet  at  3.49 ppm [13]), whereas  the 
s ignals  with chemica l  shif ts  of 3.17-3.24 ppm were  ass igned to the s a m e  group in X-XIII,  s ince it is known that 
in the spec t r a  of the i somer i c  me thy !py r ro l e s  the s ignals  of the subst i tuents  in the c~ posit ion a re  located at 
weake r  field than the s igna l s  of the subst i tuents  at tached to the f l -carbon a toms of the ring [14, 15]. 

In addition to the 5- and 7 - ca rbe t hoxym e thy l - l , 2 -d ihyd ropy r ro l i z i ne s ,  a third component  of the mix tu res  
is c l ea r ly  obse rved  in each case  on the c h r o m a t o g r a m s .  It was a s sumed  that these three  compounds a r e  6- 
ca rbe thoxyme thy l - l , 2 -d ihyd ropyr ro l i z ine s  (XIV-XVII). In conformi ty  with the i r  s t ruc tu res ,  one should have 
expected the appearance  of another  two mult iplets  in the PMR spec t rum in the region of p y r r o l e  protons  and 
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]:ABLE 1. PMR Spectra of 5-, 6-,  and 7 -Carbe thoxymethy l - l ,2 -  
d ihydropyrrol iz ines  (VI-XVII)* 

Com- 6, ppm ~ II~I,K[. Hz~:I: 

pound I 
5-H 6-H 6,7 5,6 

vt 

vii 

VIII 

IX 
x 

xI 
xlI 

XllI 
XlV 
xv 

XVl 

XVlI 

6,34 
6,30 
6,22 
6,26 

6,28 

5,81 
5.81 
5,78 
5,79 
5,81 
5,72 
5,76 
5,91 
5,89 
5,84 
5,87 

7-H - - C H 2 - - C 0 - -  

5,52 3,40 
5,52 3,40 
5,49 3,38 
5,49 3,39 
5,49 3,46 
5,44 3,39 
5,47 3,34 
-- 3,24 
-- 3,22 
- -  3 , 1 7  

3,20 
3,29 
3,26 

5,50 3,25 
3,21 
3,24 

3,3 
3,4 
3,3 
3,3 
3.3 
3,0 
3.3 

m 

2,7 
2,7 
2,4 
2,7 

* The values taken f rom the spec t ra  of the individual compounds 
a re  given in italics. The remaining numerica l  values were ob- 
tained f rom the spec t ra  of mixtures  of the i somers .  

Chemical  shifts of the identified signals of the other  protons of 
the compounds (ppm): VI (O-CH 2 4.04, 3-CH 2 3.82, 1 -CH 2 2.73, 
2-CH 2 2.43); VII (O-CH2 4.04, 3-H A 3.98, 3-H B 3.40, 1-CH 2 
2.91, 2 -CH 2.39); VIII (O--CH 2 4.07, 3-H 4.35, 1-CH 2 N2.7, 2-H B 
2.04); XVI (O-CH 2 3.98). Here and subsequently, subscr ip t  A in- 
dicates a t rans orientat ion of the proton and the methyl group, 
and subscr ip t  B indicates a cis orientation. 
$ Absolute values of the other  s p i n - s p i n  coupling constants of the 
protons of VI-VIII (Hz): VI (4Jz_H,I- H = 0.9); VII (4JT-H,1- H = 0.8; 

2J3-HA ' 3-HB = 9.4; 3Js_HA ' 2_HA = 7.0; ~J3_HB ' 2-HA = 6.2); VIII 
(4JT-s, 1-H = 0.9). 

singlets of a CH2-CO group at 3.2 ppm. However, the low percentage of this i somer  in the investigated mix- 
tures  (3-12%, according to GLC data) makes it difficult to identify the signals of its py r ro le  protons,  whereas  
weak singlets of the CH2-CO group of XIV-XVII a re  c lear ly  seen and have chemical  shifts ranging f rom 3.21 
to 3.29 ppm. 

We establ ished the nature of the third component in the case of 3 -me thy l -6 -ca rbe thoxymethy l - l , 2 -d ihy -  
d ropyr ro l iz ine  (XVI), which was isolated by prepara t ive  GLC f rom the mixture with i somers  VIH and XII. 
Broad signals at 6.28 and 5.50 ppm, which were  assigned to the 5-H and 7-H protons,  are  observed in the PMR 
spec t rum of XVI in the region of pyr ro le  protons.  The expected AB quartet  splitting with 4Js_H, z-H ~ 1.1 Hz 
[16] is not observed  because of the fact  that it is masked by the subsequent splitting due to the long-range 
spin--spin coupling of the 5-H proton with the 6-CH 2 group and of the 7-H proton with the 1-CH 2 group. An in- 
tense singlet  of the CH2--CO group is observed  at 3.25 ppm (in the mixture of the three i somers  its chemical  
shift is 3.21 ppm). 

The physical  constants  of the mixtures  of i somers ,  the resul ts  of analysis ,  and the yields based on the 
converted 1 ,2-d ihydropyrro l iz ines  a re  presented  in Table 2. The yields based on ethyl diazoacetate a re  lower 
because  of side t ransformat ions  of the carbethoxycarbens .  

An important  cha rac te r i s t i c  of the t ransformat ion  under considerat ion is the rat io of the 5-, 6- ,  and 7- 
ca rbe thoxymethy l - l ,2 -d ihydropyr ro l i z ines .  This rat io was determined for  the crude react ion product,  since a 
cer ta in  change in the i somer ic  composit ion because  of the difference in the boiling points of the components of 
the mixture is inevitable in the mixtures  of i somers  obtained af ter  distillation. The crude react ion products 
were  analyzed by GLC (Table 3); the ass ignment  of the peaks on the ch romatograms  was made by p r io r  com-  
par i son  of the data f rom GLC and the PMR spec t ra  of the mixtures  of i somers ,  f rom which all of the accompany-  
hag impuri t ies  were  removed.  The i somers  emerged  in the following o r d e r  in all cases  on the s tat ionary phase 
(polyethylene glycol 20,000): 5-,  7- ,  and 6-carbethoxymethyl--1 ,2-dihydropyrrol iz ines .  According to the data 
in Table 3, considerable  s imi lar i ty  is observed  in the i somer ic  composit ion of the products of the react ion of I, 
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TABLE 2. 5- ,  6- ,  and 7 - C a r b e t h o x y m e t h y l - l , 2 - d i h y d r o p y r r o l i -  
z ines  (VI-XVII) 

Compound or [ o [ 
mixt~e(com_ibP, C, .[ a:-" 
ponent %) [ti mm) 

I m 

VI (72), X (25), 
XlV (3) 

Vl 

VII. (65). 
XI (27), 
xv (8) 

vH 
VIII (52), 

XII (36), 
XVl (12) 

VIII 

IX (67), 
XlII (28), 
XVII (5) 

113--118 1,084C 

1,,o8   
1o7-10911,o524 
104--10611,0557 
116--12011,0570 

119--12611,0389 

r iD20 

1,510: 

1,509( 

1,4982 

1,500~ 
1,503C 

1,5033 

1.4960 

I I 
~D Found,% [Empizical] C-" 

[ | 
' ~ - [ - - [ f o r  mula ] - -  

53,34 

53,14 

57,7fi 

57,84 
57,96 

157,66 

62,22 

53,2I 68,8 

53,2( 68,0 

57.8~ 69,3 

57,8t !69 2 
57,8~ 69:1 

57,8~ 59,4 

62,4~ 70,8 

C.H~sNO~ 7,9 7,7 ;68,4 
i 

8,0 7,6 CtlHLsNO2 68,4 

8.3 6,9 CI2HITNO2 69,5 

8.2 7,0 CI2HITNO2 69,5 
8,4 711 C12HETNO269.5 

8,7 5,9 Cl2I-IirNO~, 59,5 

8,9 5.5 Cv~HIgNO~ 70,6 

7,8 7.2 

8,3 

8,3 6,8 
8,3 6,8 

8,3 6,8 

8.7 6,3 

* In the c a s e  of VIII the f igure  g iven  is the boi l ing point  at  3.5 
m m .  

TABLE 3. Dis t r ibu t ion  
of the I s o m e r s  with the 
C a rbe thoxyme thy l  
Group  in Var ious  P o s i -  
t ions in the P r o d u c t s  of 
the Reac t ion  of 1 ,2 -Di -  
h y d r o p y r r o l i z i n e s  and 
Ethyl  D iazoace ta t e  

IPercentage of po- 
Starting /sitional isomer _ 
compound | ~ 6 7 

I 
II 

IV 
III 

59 8 33 
62 31 
63 9 28 
49 42 

44 

33 

36 

45 
4 6  

52 

38 

l'I, and IV with e thyl  d i azoace ta t e .  This obse rva t i on  can be expla ined by the fac t  that  the a lkyl  g roups  in the 2 
pos i t ion  have too weak  an ef fec t  on the o r d e r  of  subs t i tu t ion  b e c a u s e  of the i r  cons ide r ab l e  r e m o t e n e s s  f r o m  the 
r e a c t i o n  c e n t e r s .  The f r ac t i on  of the i s o m e r  with a c a rbe thoxyme thy l  g r o u p  in the 5 pos i t ion  is subs tan t i a l ly  
lower  in the mix tu r e  obta ined as a r e s u l t  of the r e a c t i o n  of m and V than in the p r eced ing  c a s e s .  In ana logy 
with the known influence of the s t e r i c  ef fec ts  of a lkyl  g r o u p s  on the c o u r s e  of the r eac t ions  of a r o m a t i c  s y s t e m s  
with c a r b e t h o x y c a r b e n e  [17], we suppose  that  the r e s u l t  of the r e a c t i o n  of I I i  with V is due to pa r t i a l  shie lding 
of the 5 pos i t ion  of the two- r ing  s y s t e m  by the 3 - C H  3 g roup .  

The c h a r a c t e r  of the quant i ta t ive  d i s t r ibu t ion  of the i s o m e r s  in the p roduc t s  of  t r a n s f o r m a t i o n  of 1 ,2 -d i -  
h y d r o p y r r o l i z i n e s  I, l'I, and V is evident ly  dependent  on the e l e c t r o n  dens i t ies  in the 5, 6, and 7 pos i t ions .  The 
5 pos i t ion  in 1 , 2 - d i h y d r o p y r r o l i z i n e s ,  which c o r r e s p o n d s  to the 2 pos i t ion  in p y r r o l e s ,  has a h ighe r  e l e c t r o n  
dens i ty  than the 6 and 7 pos i t ions .  The p r e f e r a b l e n e s s  of the f o r m a t i o n  of 7 - c a r b e t h o x y - l , 2 - d i h y d r 0 p y r r o l i -  
z ines  as  c o m p a r e d  with the c o r r e s p o n d i n g  6 i s o m e r s  is in all  l ikel ihood due to the e l ec t ron ic  ef fec t  of  the 1 -CH 2 
group.  

Separa t ion  of the 5-,  6- ,  and 7 - c a r b e t h o x y m e t h y l - l , 2 - d i h y d r o p y r r o l i z i n e s  by f r ac t iona l  d i s t i l l a t ion  was  
found to be ineff icient  b e c a u s e  of the c l o s e n e s s  of the i r  boil ing points .  Dur ing  a s e a r c h  f o r  a method  f o r  the 
i sola t ion of the 5 - c a r b e t h o x y m e t h y l - l , 2 - d i h y d r o p y r r o l i z i n e s  f r o m  the i r  m i x t u r e s  with o t h e r  i s o m e r s  we p r o -  
ceeded  f r o m  the poss ib i l i ty  of  s epa ra t ion  of the o~- and f l - subs t i tu ted  p y r r o l e s  on the b a s i s  of  the d i f fe ren t  r e -  
ac t iv i t i es  of the o~ and fl pos i t ions  of the p y r r o l e s  in diazo coupl ing [18] and data  [19, 20] on the r e a c t i o n  of  
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compounds of the pyr ro le  s e r i e s  with var ious  diazonium salts .  The use of azobenzenesulfonic acid (XVIII) as 
the azo component provided the des i red  resu l t  during t reatment  of the mixtures  of i somers .  The essent ial  
points of the method are  i l lustrated in the case  of the react ion of the mixture of i somer ic  VI, X, and XIV with 
XVIII: 

+ H s C 2 O O C - - C H 2 ~  
VI, X, XlV + N2C6H4SO ~ ~ Vl + 

XVlll ] 
HO3SC6H4N=N 

+IlsC2OOC--C|i~N ~ 
HO3SC 6H4 N =N 

In the exper iments  on the diazo coupling 1.6-2.5 moles of p-aminobenzenesulfonic acid, converted to 
XVIII, were  used  per  mole (overall) of 6- and 7 -ca rbe thoxymethy l - l ,2 -d ihydropyr ro l i z ines .  Under the condi-  
tions that we selected,  ion XVIII f i r s t  attacks the free 5 position of the dihydropyrrol iz ine  sys tem,  and the 6 
and 7 posit ions a re  involved to a l e s se r  extent; this ensures  the acceptable yields (33-55%) of VI-VIII. The 
puri ty of the isolated VI-VIII was monitored by GLC and NMR spect roscopy.  Their  physical  constants are  
summar ized  in Table 2. 

An examination of the PMR spec t ra  of VI and VII makes it possible to obtain data on the splitting of the 
signals of the protons attached to C 2 to C 3. The spec t rum of VI indicates magnetic equivalence of the protons 
within the 1-, 2- ,  and 3-CH 2 groups.  The p r i m a r y  conformation of the two-ring sys tem of VII was determined 
on the basis of a compar i son  of the experimental ly  found vieinal s p i n - s p i n  coupling constants  in the 3-CH 3 -  
2-CH f ragment  (see the note to Table 1) with the values calculated for  the three conformations - the planar  
conformation (J~ = 8-12 Hz, J2 = 2.7-4.1 Hz), and envelope conformations with a pseudoequatorial  (J1 = 5.1-9.0 
Hz, J2 = 8.9-14.3 Hz) and a pseudoaxial  (J1 = 5.8-10.7 Hz, J2 = 0-1.6 Hz) 2-CH 3 group. The constants were 
es t imated as in [21] for  the var ious  possible  values of the coefficients in the Karplus equations and the dihedral  
angles m e a s u r e d  for models .  The values obtained f rom the spect ra  lie within the l imits of the calculated values 
only for  the VIIA conformation wi th  a pseudoequatorial  methyl  group. 

�9 3 RsC200C--CIt 2 

aB H~ 

VII A 

In the PMR spec t rum of VIII the 3-H A signal with a chemical  shift of 4.35 ppm has the fo rm of an indis- 
tinctly resolved multiplet, f rom which it is difficult to ext rac t  the s p i n - s p i n  coupling constants.  However, in 
analogy with 3 -me thy l -5 -hyd roxyme thy l - l , 2 -d ihyd ropyr ro l i z ine  [12], it can be assumed that the CtC2C3NC 8 
ring has an envelope conformation,  whereas  the 3-CH 3 group occupies a pseudoaxial position. The multiplet 
centered at 2.69 ppm, the intensity of which cor responds  to three protons,  is the superimposi t ion of the signals 
of the protons of the 1-CI-t 2 group and the 2-H A proton, which lies in the deshielding region of the C3-CH 3 bond 
and is found at lower field than the signal of the 2-H B proton, which fo rms  a multiplet with a chemical  shift of 
2.04 ppm and, as can be seen in the case of models,  is located in the zone of shielding of the same bond. 

The chemical  shifts and the s p i n - s p i n  coupling constants  of the protons of VI-VHI a re  presented in 
Table 1 and in the notes to it. 

The authors thank Yu. A. Kondrat, ev and K. V. Lebedeva for  their ass i s tance  in performing the p repa ra -  
tive GLC of the mixture of VIII, XII, and XVI. 

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

The IR spec t ra  of thin layers  of the compounds were  recorded  with a UR-20 spec t romete r .  The PMR 
spec t ra  of CC14 solutions of the compounds (~25% by volume) were  recorded  with Varian HA-100D (100 MHz) 
and RS-60 (60 MHz) spec t rome te r s  with te t ramethyls i lane  (TMS) and hexamethyldisiloxane as the internal 
s tandards .  The chemical  shifts are  presented relat ive to TMS on the 6 scale.  

The chromatographic  analysis  of the mixtures  of i somer ic  5-, 6-,  and 7 -ca rbe thoxymethy l - l ,2 -d ihydro-  
pyr ro l i z ines  and of individual VI-VIII was accomplished with an LKhM-8M chromatograph  with a the rma l -con-  
ductivity detector.  The column r  long with an inner d iameter  of 3 ram) was filled with 8% polyethylene 
glycol  20,000 on Sferokhrom-1 (0.30-0.35 ram); the thermosta t  t empera tures  were 190, 185, and 179~ at the 
corresponding c a r r i e r - g a s  (hydrogen) flow ra tes  of 33, 46, and 54 m l / m i n .  The 6 -ca rbe thoxymethy l - l ,2 -d ihy-  
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dropyr ro l i z ines ,  which had the highest  re tent ion t imes  in the s e r i e s  of i somer s ,  were  sa t i s fac to r i ly  s epa ra t ed  
f r o m  the 5 and 7 i s om er s ,  but the separa t ion  of the l a t t e r  was incomplete.  Var ious  methods for  the calculat ion 
of the c h r o m a t o g r a m s  [22 ] were  checked with s tandard  mix tures ,  the composi t ions  of which were  es tabl i shed 
f r o m  the PMR spec t r a l  data. The bes t  r e su l t s  we re  obtained by calculat ion with the f i r s t  method desc r ibed  in 
[22] (the half-width of the peak was m e a s u r e d  at 0.607 of the height), which we used to calcula te  the ra t ios  of 
the i s o m e r s  in the untreated react ion  products .  

P r e l i m i n a r y  isolat ion of XVI was  accompl ished  with a model  105 Pye chromatograph .  A g lass  column 
(2.1 m by 4 mm) fi l led with 10% polyethylene glycol  adipate on Chromoso rb  Waw (100-120 mesh) was used. 
The column t e m p e r a t u r e  was 185~ and the c a r r i e r - g a s  (nitrogen) flow ra te  was 120 m l / m i n .  A 1.4-g sample  
of a mixture  of 93% (VIII+XID and 7% XVI was introduced into the column in 5-10- t t lpor t ions ;  0.08 g of XVI 
was obtained. 

5- (VI), 7 - (X) ,  and 6 -C a rbe t hoxym e t hy l - l , 2 -d ihyd ropy r ro l i z i ne  (XIV)' A 40.2-g (0,38 mole) s ample  of 
1 ,2-d ihydropyrro l iz ine  I was s t i r r e d  with 2 g of finely ground copper  bronze  [4] in a 250-ml  th ree -necked  
f lask  equipped with a dropping funnel, a s t i r r e r ,  and a g a s - i n l e t  tube. The a i r  was  displaced f r o m  the f lask  
with nitrogen,  and the mix ture  was heated on a bo i l ing-wate r  bath as 19.5 g (0.17 mole) of f resh ly  p r e p a r e d  
e s t e r  V [23] was added in the c o u r s e  of 1 h. After  the addition was complete ,  the mix tu re  was heated with 
s t i r r ing  for  another  30 rain, a f t e r  which it was cooled and f i l te red  to r emove  the ca ta lys t .  The f i l t r a te  was 
then allowed to stand fo r  12-14 h, a f t e r  which it was  subjected to f rac t iona l  dis t i l la t ion to give 26.2 g of un- 
changed I and 11.1 g of a mix tu re  of VI (72%), X (25%), and XIV (3%) (according to GLC data). 

A s i m i l a r  p rocedu re  was used to obtain mix tu res  of i somer i c  (VII, XI, XV) VIII, XII, XIV and IX, XIII, 
XVII, the p r o p e r t i e s  of which a r e  p re sen ted  in Table 2. 

Isolat ion of 5 -Ca rbe thoxyme thy l - l , 2 -d ihyd ropy r ro l i z ine  (VD f r o m  the Mixture with I s o m e r s  X and XIV. 
A 4.34-g sample  of a mixture  of i s o m e r s  VI (72%), X (25%), and XIV (3%) was added with constant  s t i r r ing  at 
10~ to an aqueous suspension of azobenzenesulfonic  acid (XVIII), obtained by the usual method f r o m  2.6 g 
(0.015 mole) of sulfanil ic acid. At the end of the addition of the i somer s ,  the mix tu re  was s t i r r e d  at  10~ for  
10 min and at  room t e m p e r a t u r e  fo r  ano ther  20 mino The reac t ion  product  was ex t rac ted  with f ive 15-20-ml  
por t ions  of e ther ,  and the ex t rac t s  w e r e  washed twice with 5% aqueous po tass ium carbonate  solution and w a t e r  
until the aqueous l ayer  became  co lo r l ess .  The exper imen t  was repea ted  seven t imes .  The combined e the r  
ex t r ac t s  w e r e  dried ove r  ca lc ium chloride and subjected to dis t i l la t ion to give 7.2 g (33% based  on i s o m e r  VI 
p r e s e n t  in the mix tu re  of i somers )  of VI. 

A s i m i l a r  p rocedu re  was used to obtain VII and VIII. The p r o p e r t i e s  of VI-VIII  a r e  p re sen ted  in Table 2. 
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P O L A R O G R A P H I C  R E D U C T I O N  O F  

2 - ( 4 - P Y R I D Y I , ) I N D A N E - 1 , 3 - D I O N E S  IN D I M E T H Y L F O R M A M I D E  

Y a .  P .  S t r a d y n ' ,  V .  P .  K a d y s h ,  
L .  M. B a i d e r ,  l~. S. L a v r i n o v i c h ,  
a n d  Y u .  l~. F r i d m a n i s  

UDC 543.253 : 547.828 : 543.422.27 

The t rend of the e l ec t r i ca l  reduct ion of i somer i c  2 - (4 -pyr idy l ) indane- l ,3 -d iones  in d imethyl -  
fo rmamide  (DMF) was studied by c lass ica l  and ac polarography,  mi l l icoulometry ,  ESR spec-  
t roscopy,  and cycl ica l  vo l t ampe rome t ry  with a s teady-s ta te  m e r c u r y  e lec t rode .  The f i r s t  
r eve r s ib l e  one -e lec t ron  step leads  to the format ion  of re la t ive ly  stable anion radicals ,  which 
can be r eco rded  by means of ESR spec t roscopy.  The corresponding d imers  a re  detected in 
the course  of prolonged e lec t ro lys i s  at a constant  potential  (at the level of the limiting cu r r en t  
of the f i r s t  wave). The second nonrevers ib le  step in the e lec t r i ca l  reduct ion involves the in- 
dane- l ,3 -d iony l  grouping and the pyr idinium ring. Owing to their  dipolar  s t ruc ture ,  the inves- 
t igated compounds a re  reduced with considerably  g r e a t e r  difficulty (by 400-550 mV) than the 
unsubsti tuted N-methylpyr id in ium salto 

The se t  of chemica l  t rans format ions  in the reduct ion of 2 - (4-pyr idy l ) indane- l ,3 -d iones  (which a re  usua?- 
ly cal led pyrophthalones) has not ye t  been ascer ta ined  [1], despite the fact  that the reduction products  could 
have d ivers i f ied  biological  activity.  

Pyrophthalones  a re  also of in te res t  in the r e spec t  that the i r  molecules  contain two potential ly e lec t r ica l ly  
active f ragments  - the pyr idinium ring and the indane- l ,3-d ionyl  grouping,* which can undergo reduct ion e i ther  
separa te ly  o r  as a unified conjugated sys tem.  In view of the above, within the f r amework  of our  sys temat ic  r e -  
s ea r ch  on the reduct ion of substi tuted pyridinium salts  [3, 4], we also studied the mechanism of the e lec t r i ca l  
reduct ion of pyrophthalone der iva t ives  in o r d e r  to find thei r  quantitative c h a r a c t e r i s t i c s -  the reduct ion poten-  
t ials  fo r  the p r i m a r y  e lec t r i ca l  reduct ion steps.  

In the p r e se n t  r e s e a r c h  we obtained the e lec t rochemica l  cha rac t e r i s t i c s  of Ia-d in nonaqueous media 
(Table 1) by means  of c lass ica l  and ac polarography,  mi l l icoulometry ,  ESR spect roscopy,  and cycl ica l  vo l tam-  
p e r o m e t r y  with a s t eady-s t a t e  m e r c u r y  e lec t rode .  The quaternized compounds were  se lec ted  to avoid the 
fo rmat ion  of catalyt ic  hydrogen waves and the effects  of in t ra-  o r  in te rmolecu la r  protonat ion during e lec t r i ca l  
re  duc tion. 

O O O 

CH~ 0 CH a 

l a  Ib Ic 

* This grouping is more  accura te ly  cal led an indane- l ,3 -d ionide  grouping, since it may be assumed that p y r o -  
phthalones exis t  in the fo rm of betaine s t ruc tu re s  [2]. 
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