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LX * SYNTHESIS OF fl-LACTAMS OF THE INDOLE SERIES 

A.  K. M u k e r d z h i  a n d  No N. S u v o r o v  UDC 547-3181752 

The synthesis  of f l- lactams containing an indole ring was accomplished by the react ion of 
acyl  chlor ides  with Schiff bases  in the presence  of t r ie thylamine.  3-Indolylacetyl  chlor ide 
reac t s  with benzylideneaniline to give a mixture of c i s -  and t rans - f l - l ac tams .  Schiff bases  
obtained f rom N-substi tuted indole-3-aldehyde and aniline der ivat ives  fo rm phthalimido-fl-  
lac tams by react ion with phthalimidoacetyl  chloride,  while the azomethines of indole-3-  
aldehyde itself a re  acylated at the NH group under these conditions. Hydrazinolysis  of the 
phthal imido-f l - lactams gives amino-f l - lac tams.  The reaction of 3-[fl-(benzylideneamino) 
ethyl]indole and phthalimidoaeetyl  chloride leads to a f i- laetam and a carbol ine derivat ive,  
the yields of which depend on the o rder  of addition of the react ing compounds~ The con-  
f igurat ions of the f i - lactams were established f rom the NMR data. 

The s teroid  alkaloids pak i s te rmin-A and pak i s t e rmin-B contain f i- lactam rings [1]; this has again in- 
tensified in te res t  in f l - lactams [2], which have acquired  special  significance since the d iscovery  of penicil-  
lin [3-6] and cephalosporin C [7,8]. A large  number  of f l - lactams have been obtained, but their  indole ana- 
logs are  still unknown. 

To synthesize  indole f l- lactams we selected the react ion of acyl chlorides with Schiff bases  in the p re -  
sence of t r ie thylamine.  Thus 3-indolyacetyl  chloride reac t s  with benzylideneaniline in the presence  of t r i e -  
thylamine to give a mixture of the cis  and t rans  i somer s  of the corresponding f l - lactams (I): 
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If azomethine II is used as the Schiff base, the Nit group of the indole portion of the molecule is 
acylated under the conditions selected by us. The s t ruc ture  of the N-acyl  derivat ive (IV) thus obtained was 
conf i rmed by al ternat ive synthesis ,  i.e.,  by condensation of N-acetyl indole-3-aldehyde with aniline. 

If, however,  the NH group is protected by methylation or  acetylation, phthal imido-f l - lactams a re  
fo rmed  by react ion with phthalimidoacetyl  chlor ide  via the method in [9]. Thus c i s -  (VI) and t rans -ph tha l i -  
mido-f l - lac tams (V) a re  obtained f rom IV, while t rans-phtba l imido-f l - lac tam XII, 2,4-diketopiperidine 
derivat ive XI (confirmed by IR and mass  spectra) ,  and t r aces  of an unidentified substance a re  obtained f rom 
X. The yields of XI and XII depend on the sequence in which the react ing substances a re  added and on the 
concentrat ion.  

The s t e r eocnemis t ry  of the f i - lactams obtained was established on the basis of a determinat ion of the 
spin-spin coupling constants  of the C 3 and C 4 protons in the NMR spect ra .  According to the data in [2,10], 
J = 5-6 Hz for cis f l- lactams,  while J = 2.0-2.5 Hz for the t rans  configuration. The t rans  coniiguration (J = 
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2 Hz) was ass igned to VIII, IX, XII, and XIV, while the cis  configuration (J = 6 Hz) was assigned to VII and 
XIV. I is a mixture  of approximately equal amounts of the cis  and t raps  i somers  since the C 3 and C a pro-  
ton signals in the NMR spec t rum fo rm AB sys tems  with chemical  shlfts 83 = 5.22 ppm, 54 = 5.51 ppm and 
spin-spin coupling constant J = 5.5 Hz (cis isomer) ,  and 68 = 4.44 ppm, 5r = 5.00 ppm, and J = 2.5 Hz (trans 
isomer) .  
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The phthal imldo-f l - lactams were subjected to nydraz inolysm via the method in [9] with a somewhat 
modified procedure .  While VIII can be obtained in pure form,  XIII could De isolated only in the fo rm of the 
N-tosyl derivat ive (XIV) or  the adipiate~ The IR and NMR spect ra  confirmed the s t ruc ture  of VII, but it 
could not be isolated in analyt ical ly pure fo rm nor  could the corresponding derivat ive be obtained. 

V and VI a re  slightly soluble in the usual solvents,  and this made it impossible  to obtain their  NMR 
spect ra .  

t r ans -Amino- f l - l ac tam VIII and c i s -amino- f l - l ac tam VII were obtained without t r aces  of the other  
i somer s  by hydraz inolys is  of V and VI, respect ively .  Consequently, V has the t rans  configuration, and VI 
has the cis  configuration. Although there  a re  data on epimerizat ion in the f l- lactam r ing of penicillin [11, 
12], the in te rconvers ion  of the cis  and t rans  i somers  for  our compounds is never the less  unlikely in view 
of s ter ic  hindrance. Bose et al. [2] checked this possibil i ty in a s imi la r  case  and found that this sor t  of 
t ransformat ion  does not occur .  In addition, t rans-phtha l imido-f l - lac tam XII gave exclusively t r an s - t o sy l -  
amino-f l - lac tam XIV by hydraz inolys is  and preparat ion of the sulfonamide~ 

The addition of phthalimidoacetyl  chlor ide to a benzene solution of benzyl idenetryptamine (XV) in the 
presence  of t r ie thylamine resul ted  in the format ion of only the c i s -P - l ac t am (XVI). However,  carbol ine 
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TABLE 1. f l -Lactams of the Indole Series 

Com- 
pound 

I 
V 

VI 
VIII 

IX 
XII 
XII 

XIII 

XVI 
XIV 

Mp, *C 

1,42-- 144 
983---2'6~4 
2;34--285 
87--90 

dec 
219--220 
202--204 
195---197 
140--142 

dec 
224--226 

175 

Empirical formula 
Found, % 4Calc., % 

. N c ~' N ~>. 

C28HIsN20 81,66 
C27HI9N304 [71,90 
C~vHIgNaO4 72,51 
C~gHIrNaO2 71,45 

C26HIgNaOa '. 
C26H~oNaOa �9 1/2H20 
2CIsH~rNaO - C6HloO4 69,07 

C2~H2rN~Oa 74.77[ 
C~sH2aNaOa 1671221 

558 83518165 5,32 8,28 12 
4128 9',I'2 72',16 4,23[ 9,35 32 
4,47 / 9,34 72,16 4,23[ 9,35'5,5 
5,63 13,s 71,47 5 32 13 16 33 

5001 87516596 4'86 8'87 [ 44 
4:211 o:59i74',10t 4:51 9:971 75 
4,92~ 9,50172,551 4,65 9 501 - -  

6,26[I1,55[69,23 610411,53 26 

482, 9,6  62 
5116 9,43 22 

*The data for the adipic acid salt  a re  presented.  

derivat ive XVIIa was obtained together  with a small  amount of c i s - f i - lac tam when the o rder  of addition of 
the react ing compounds was changed. Carboline derivat ive XVIIb was s imi la r ly  formed in the case  of acetyl  
chloride.  The IR spect ra  (CHCla) of XVIIa and b contain four peaks at 1660 and 1635 em -1 (tert iary amide) 
and at 3480 cm -I  (Nil). 

Ring cleavage occurs  during the hydrazinolysis  of f l- lactam XVI. 

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

The IR spect ra  were obtained with a UR-10 spect rophotometer ,  while the NMR spect ra  were ob- 
tained with a JNM-4H-100 spec t romete r .  The melting points of the f l- lactams and the resu l t s  of elemen- 
tary analysis  are  presented in Table 1. 

1 ,4-Diphenyl-3-(3- indolyl )azet id in-2-one (I). A solution of 1o9 g (0.001 mole) of 3-indolylacetyl  chlo- 
r ide [13] in 30 ml of dry ether was added dropwise with s t i r r ing  to a solution of 1.8 g (0.001 mole) of ben- 
zylideneaniline and 1.5 ml (0o001 mole) of t r ie thylamine in 30 ml of dry ether at room tempera ture .  The 
s t i r r ing  was continued for  another 2 h, and the mixture was allowed to stand overnight at room tempera ture .  
The solvent was removed,  and the viscous mass  was extracted with benzene. The benzene ext rac t  was in- 
t roduced into a column packed with neutral  aluminum oxide and eluted with benzene followed by ether~ The 
solvent was removed  f rom the eluates in vacuo, and the res idue was r ec rys t a l l i zed  f rom b e n z e n e - p e t r o -  
leum ether to give 0.4 g of I. IR spec t rum (CC14): 3500 cm -1 {NH), 1760 cm -t  (fl-lactam C = O). 

P repara t ion  of Scaiff Bases f rom Indole-3-aldehyde and Aniline. The following method was used to 
p repare  II [14], IV, and X. Equimolar amounts of indole-3-aldehyde [15], N-acetyl indole-3-aldehyde [14], 
and N-metnyl indole-3-aldehyde [16], respect ively ,  were refluxed with aniline in benzene (10 ml per g r a m  
of aldehyde) with a D e a n - S t a r k  adapter.  To obtain II and X it is necessa ry  to add catalytic amounts of 
glacial  acetic acid to bring a•out the reaction.  At the end of the reaction the solvent was removed in vacuo 
and a smal l  amount of aleonol was added to isolate the precipi tate.  

1-Acetylskatyl ideneani l ine (IV). This was obtained in 50% yield and had mp 136-137 deg (from alco-  
hol). Found %: C 77.47; H 5~ N10.64. ClzHI4N20, Calc. %: C 77.86; H 5.33; N 10.68. 

1-Methylskatyl ideneanit ine {X). This was obtained in 60% yield and had mp 128-130 deg (from alco-  
hol). Found %: C82o04; H6 .35 ;  N12.10.  CI6Hi4N 2. Calc. %" C 8 2 . 0 5 ; H 5 . 9 8 ; N l l . 9 5 .  I R s p e c t r u m  
(CHCla): 1625 cm -t  (C=N). 

1-Phthal imidoacetylskatyl ideneani l ine (III). This was synthesized by adding phthalimidoacetyl chlo- 
r ide to skatylideneaniline (II) at room tempera tu re  in the presence  of t r ie thylamine via method A (see be- 
low). The product  was obtained in 31% yield and had mp 209-212 deg (from benzene). IR spec t rum (CHCI3): 
1625 cm -1 (C=N). Found %: C 73.55; H 4.13; N 10.41o C25H17NaO3. Calc. %: C 73.73; H 4.17; N 10.31. 

Phthal imido-f i - lactams (Method A). A solution of 17.87 g (0.08 mole) of phthalimodoacetyl  chloride 
in 200 ml of dry benzene was added dropwise with s t i r r ing  to a solution of 20.9 g (0.08 mole) of 1 -ace ty l -  
skatylideneaniline (IV) and 12 ml (0.08 mole) of t r ie thylamine in 400 ml of dry benzene at 40-50 deg. At the 
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end of the addition, s t i r r ing  was continued for  1 a at  40-50 deg, a f t e r  which the mix tu re  was ref luxed for  
30 min and cooled. The resu l t ing  p rec ip i t a te  was f i l te red,  washed twice with dry benzene (20-ml port ions) ,  
dr ied,  and t r ea t ed  with wa te r  to d i sso lve  the t r i e thy lamine  hydrochlor ide .  The r e s idue  was f i l te red  and 
washed s e v e r a l  t imes  with water  to give 10.1 g of a product  witl~ mp 258-260 deg (dec.)~ The benzene f i l -  
t r a t e  was dis t i l led  to d r y n e s s  in vacuo,  and 200 ml  of alcohol was added to the res idua l  v iscous  m a s s .  This  
m ix tu r e  was ref luxed for  30 min and then f i l t e red  while hot. The res idue  on the f i l t e r  was washed twice 
with boiling ethanol (20-ml por t ions)  to give 1.2 g of a subs tance  with mp 257-260 deg. The overa l l  yield 
of unpurif ied t r a n s - l a c t a m  V was thus 11.53 g (31.5%) with mp 263-264 deg ( f rom aqueous acetone).  IR 
s p e c t r u m  (CHC13): 1720 c m  -1 (C = O} of thephthal imido and N-acetyl  groups} 1765-1780 cm -~ (C = O} of the 
f l - l ac tam phthal imido groups) .  A ve ry  impure  subs tance  prec ip i ta ted  f r o m  the alcohol ex t rac t .  Repeated 
r ec rys t a l l i z a t i on  f r o m  c h l o r o f o r m - p e t r o l e u m  ether  gave 2 g (5.5%) of c i s - l a c t a m  VI with mp 234-236 deg~ 
IR s p e c t r u m  (CHC13 }: 1720 c m  -1 (C= O} of the phthalimido and N-ace ty l  groups}, 1765-1780 cm -1 (C = O) of 
the f i - l ac tam and phthal imido groups) .  

Method B. Phthal imidoacetyl  chlor ide  [4.47 g (0.02 mole)] in 70 ml of dry  benzene was added drop 
wise  with v igorous  s t i r r i ng  to a solution of 4.682 g {0.02 mole)  of 1 -methy lska ty l idenean i l ine  (X) in 100 ml  
of dry  benzene at  60 deg, and the mix tu re  was s t i r r e d  for  30 min~ A solution of 4.5 ml  (0.02 mole} of t r i e -  
thy lamine  in 20 ml  of dry benzene was then added dropwise ,  a f t e r  which the mix tu re  was ref luxed under  
low heat  fo r  1 h and al lowed to stand overnight  at  r o o m  t e m p e r a t u r e .  The resu l t ing  p rec ip i t a te  was f i l te red,  
washed with benzene,  dr ied,  and washed with water  to give 6.3 g (75%) of t r a n s - f l - l a c t a m  XII. This  was r e -  
c rys t a l l i zed  f r o m  aqueous ace tone  and dr ied  at  100 deg in vacuo for  48 h to give a product  with mp  202- 
204 deg. IR s p e c t r u m  CHC13:: 1720 c m - i ( C  = O} of the phthalimido group}, 1765-1780 cm -l  (C = O} of thef l -  
l a c t am and phthalimido groups}. NMR s p e c t r u m  (CDC13): 5 3.55 (CH3}, 5.48 (3-CH}, 5.58 ppm (4-CH), 
J ~ 2.5 Hz. 

1-  Phenyl -  2,4- diketo-  3,5- diphth a l imido-  6- (1- methy l -  3- indolyl)piper idine (XI). Phthal imidoac etyl 
chlor ide  [22.35 g (0.1 mole)]  d isso lved  in 70 ml  of dry benzene was added gradual ly  with s t i r r i ng  to a r e -  
fluxing solution of 23.4 g (0.1 mole)  of 1 -methy lska ty l idenean i l ine  (X) and 15 ml (0.1 mole)  of t r i e thy lamine  
in 300 ml of dry benzene.  At the end of the addition the mix tu re  was ref luxed under  low heat  for  i h and a 
al lowed to stand overnight  at  r o o m  t e m p e r a t u r e .  Subsequent workup gave 30 g of a yel low prepara t ion .  
F rac t iona l  c rys ta l l i za t ion  f r o m  ch l o ro fo rm -benzene  gave 12 g of t r a n s - l a c t a m  XII and 3 g (9.8 %) of XI with 
mp 254-256 deg. Af ter  r e c ry s t a l l i z a t i on  f r o m  acetone  it mel ted  at 254-256 deg. IR s p e c t r u m  (CHC13); 
1720 and 1780 cm -1 (C= O of the phthalimido group), 1680 c m  -1 (keto group), 1625 cm - I  (C= O of the f i - l ac tam) .  
The low solubil i ty of the subs tance  made it imposs ib le  to obtain its NMR spec t rum.  Found %: C 70.68; 
H 4.21; N 9.09. C36H24N40 ~. Calc.  ~0: C 71.05; H 3.94; N 9.21. 

Hydraz ino lys i s  of Ph tha l imido- f l - l ac tams .  A mix tu re  of 8.4 g (0.02 mole)  of powdered 1 -pheny l -3 -  
ph tha l imido-4- (1 -methy l -3 - indo ly l )aze t id in -2 -one  (XII) and 1.63 g (0.024 mole)  of hydraz ine  hydrate  in 400 
ml  of alcohol was ref luxed for  3 h until a c l ea r  solution fo rmed ,  and the solution was allowed to stand o v e r -  
night. It  was then evapora ted  to one third of i ts  volume and f i l te red .  The prec ip i ta te  was washed twice 
with cooled alcohol (15-ml por t ions)  to give 2 g of the phthaloylhydrazine.  The alcohol solution was dis t i l led 
to d rynes s  in vacuo to give a v iscous  m a s s ,  which, a f t e r  t r i tu ra t ion  with a sma l l  amount  of water ,  gave 3.7 g 
of impure  3 - a m i n o - l - p h e n y l - 4 - ( 1 - m e t h y l - 3 - i n d o l y l ) a z e t i d i n - 2 - o n e  (XIII). IR s p e c t r u m  (CHCI~): 3410 and 
3350 cm -1 (NH2), 1750 c m - l ( C = O )  o f the f i - l ac tam) .  

A solution of 2.91 g (0.01 mole)  of amine  XIII in 20 ml  of methanol  was mixed with a solution of 1.46 
g (0.01 mole)  of adipic acid in 15 ml  of methanol ,  and the mix tu re  was ref luxed under  low heat  for  15 min.  
A p rec ip i t a t e  of 1.9 g (26%) of the adipate (neutral  sal t)  of amine  XIII with mp 140-142 deg (dec., f r o m  meth -  
anol) f o rmed  a f t e r  standing at  r o o m  t e m p e r a t u r e .  IR s p e c t r u m  (KBr): 1760 cm -~ (C = O) o f thef i - l ac tam) .  

Tosyl  ch lor ide  [0.38 g (0.002 mole)]  was added with cooling to a solution of 0.58 g (0.002 mole)  of the 
amine  in 3 ml of dry pyridine.  The resu l t ing  solution was allowed to stand a t  r o o m  t e m p e r a t u r e  fo r  2 h, 
a f t e r  which it was t r ea t ed  with excess  ice water .  The resu l t ing  v i scous  oil was t r i tu ra ted  with 5 ml of a l -  
cohol and cooled.  A prec ip i ta te  soon f o r m e d  and was r e c r y s t a l l i z e d  f r o m  aqueous acetone  to give 0.2 g 
(22%) of t o sy lamide  XIV with mp 175 deg. IR s p e c t r u m  (CHC13): 3380 c m  -1 (NH), 1755 c m  -1 (C = O) ofthe 
f i - lactam).  NMR s p e c t r u m  (CDC13)., 5 2.26 (CH3-C) ,  3.65 (N-CH3),  4.56 (3-CH, J = 2.5 Hz), 5.08 (4-CH, 
J = 2.5 Hz). 

4-Acyl  Der iva t ives  of 3 -Pheny l -3 ,4 ,5 ,5 - t e t r ahydro - f l - ca rbo l ine .  The reac t ion  of 3 - (2 -benzy l ideneami -  
noethyl)indole [17] (xv)  with the acid chlor ides  was c a r r i e d  out at r o o m  t e m p e r a t u r e  via method B. When 
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phthalimidoacetyl chloride was used, a mixture was obtained, from which cis-fl-lactam XVI (9.3%) with 
mp 224-226 deg was isolated by fractional crystallization from benzene. IR spectrum (CHC13): 1720 cm -1 

(C = O) of the phthalimido group), 1760-1780 cm-i(C = O) of the 8-1actam and phthalimido groups). NMR spec- 
t r u m  (dimethyl sulfoxide): 65 .15  (4-CH), 5.45 (3-CH), J= 6 Hz. 

XVIIa had mp 234 deg. IR spectrum (CHC13}" 1720, 1780 cm -l(C = O) ofthephthalimido group), 1660 
c m - i ( C = O o f a t e r t i a r y  amide), 3480cm -1 (NH). Found %: C 74.37; H 4.97; N9.74. C2~H21N~O 3. Calc.. 
~0: C 74.48; H 4.82; N 9.65. 

XVHb was obtained in 41% yield and had mp 263-265 deg {from aqueous acetone). IR s~ectrum 
(CHCI~)- 1635 cm -i  (C = O) of a te r t ia ry  amide), 3480 cm -1 (NH). Found %: C 78.24; H 6.35; N 9.46. 
CigHisNO2. Calco %: C 78.62; H 6.20; N 9.65. The low solubility of XVIIa and b made it impossible to 
obtain their  NMR spectra.  

The authors sincerely thank K. F. Turchin for interpreting the NMR spectra.  
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