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N4-Acylpenil loic acid l a c t am  s t r u c t u r e s  were  ass igned to the products  of the reac t ion  of 
penil loic acids with acid anhydrides  on the bas i s  of a chemica l  and phys icochemica l  study. 

Among the impor tan t  products  of the c leavage  of penicil l ins are  penil loic acids,  which are  obtained 
both by decarboxyla t ion  of penici l loic acids and d i rec t ly  f rom penici l l ins by heating aqueous solutions of 
them;  they are  also fo rm ed  during the c leavage  of a n u m b e r  of i s o m e r s  of penici l l ins .  Although penil loic 
acids have been studied in detail  with r e s p e c t  to the i r  chemis t ry ,  some pecul ia r i t i es  of the i r  chemica l  b e -  
havior  have s t i l l  not been inves t iga ted  suff icient ly,  and this compl ica tes  the in te rpre ta t ion  of individual 
t r a n s f o r m a t i o n s  of the penic i l l ins .  This  is  pa r t i cu l a r l y  the case  with r e s p e c t  to the study of the i r  acylat ion 
products .  

During the per iod of intensive study of penici l l ins ,  the question of the i r  reac t ion  with acet ic  acid and 
acet ic  anhydride was subjected to a spec ia l  invest igat ion [1], but the s t r u c t u r e s  of the compounds obtained 
during this inves t igat ion,  p a r t i c u l a r l y  the i r  neut ra l  acylat ion products ,  were  not a sce r t a ined .  In 1957, du r -  
ing a study of the reac t ion  of benzyl -  and phenoxymethylpeni l loic  acids with acet ic  anhydride,  neut ra l  p rod-  
ucts  were  obtained which, with r e s p e c t  to the i r  overa l l  fo rmula ,  d i f fered f rom acetylpenil loic acids by the 
loss  of the e l emen t s  of wate r .  S t ruc tura l  fo rmula  I was ass igned to these  products  on the bas i s  of the i r  
e l e m e n t a r y  composi t ion,  the i r  co lor  reac t ion  with t e t r an i t romethane ,  and s e v e r a l  t r ans fo rma t ions  [2]. 
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However ,  subsequent  chemica l  and phys icochemica l  invest igat ions  (PMR, IR, UV, and m a s s  spec t roscopy)  
indicated that  this fo rmula  is i n c o r r e c t .  Thus,  the IR spec t r a  of the products  of the acylat ion of penilloic 
acids (in m i n e r a l  oil pa s t e s ,  in pe l le ts ,  and in ch lo ro fo rm solution) did not contain bands which co r re spond  
to the va lence  and deformat ion  v ibra t ions  of the amide group;  the PMR spec t r a  do not contain peaks  fo r  
hydrogens at tached to a double bond; in the m a s s  spec t rum of the product  of the reac t ion  of benzylpenil loic 
acid with acet ic  anhydride the ion peak (a) with m / e  118 is the mos t  intense peak (which does not agree  with 
fo rmula  I); e tc .  It t h e r e f o r e  became  n e c e s s a r y  to es tab l i sh  the c o r r e c t  s t r u c t u r e s  of the neutra l  products  
of the acylat ion of penil loic acids .  

We synthes ized  the products  of the reac t ion  of benzy l -  and phenoxymethylpeni l loic  acids with acet ic ,  
propionic ,  and butyr ic  anhydrides  (see Scheme 1). A number  of s i m i l a r  compounds (their p rope r t i e s  a re  
given in Table  1) were  obtained, which indicates  the genera l  c h a r a c t e r  of this reac t ion .  As a r e su l t  of an in-  
ves t iga t ion  of these  compounds s eve ra l  f o rmu la s  were  p roposed  for  them,  of  which II and III s eemed  mos t  
p robable .  The choice between them was made  on the bas i s  of m a s s  s p e c t r o m e t r i c  data which undoubtedly 
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Scheme 1 

$ \  ~(R'CO) 0 / s , .  
RcH~CONHCH. : H(~/, C(CHa) 2 ,  ~ ' ~  RCfloCOI~CHoH~. . . "~(CH a ) 2 
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R,CO--N--<. cooc~, 5 /~'co-~.--~c. RCH,COO, 
VI . O= ~ . . . . . - . . ' ~ y ~  ~lY 

R -  C61"!5, C6HsO; W= CI'I 3, .CH,xCH 2, CHaCH2Clt 2 

constitute evidence in favor of formula III. An intense molecular  
ion peak is present in the m a s s  spectrum of the product of the reac-  
tion of benzylpenil loic acid with propionic anhydride (Fig. 1). The 
remaining peaks,  except for the peaks with m / e  91 (C7H7 +) and 118, 
which are typical for benzylpenici l l in derivatives  [3, 4], have low in-  
tensi t ies .  This indicates that the compound has a stable cycl ic  s truc-  
ture.  The formation of a fragment with (M-56) + due to the e l imina-  
tion of a molecule  of methyl ketone is characterist ic  for N-propionyl 
derivatives  of heterocyc les  [5]. The further ejection of 74 m a s s  
units (the thioacetone molecule)  is  typical for penicil l ins [3] and 
their i s o m e r s  which contain a thiazolidine ring. An ion with an m / e  
value which is 118 mass  units l e s s  (elimination of a phenylketone 
molecule)  corresponds to each of the ions enumerated above. This 
indicates that the C6HsCH2CO group is direct ly bonded to the cycl ic  
sys tem.  Diacylamide formula III can be assigned to the investigated 
compound on the bas is  of the above. The paths for fragmentation of 
III are presented in Scheme 2. 

Scheme 2 

- -  C~'H sC H = CO / S .  
(qusc.=co)+.  . M+Ix, ~ j ~ , N c , 2 , c  ~ ( C . p ~  

S --(CH3)2C=$ CH2 
CsHsCH2CO.NCH2HC? / \.C(CH3)2 Cs H€ ~ / n+ 

o=c /_~ '~ , . /~  290 d m/~ m c~ 

e m/e 172  f m / e  9 8  

The products of the reaction of benzyl -  and phenoxymethyl-  
penilloic acids with acetic and butyric anhydrides give the same 
fragmentation pattern. An (M-42) + ion (elimination of a ketene m o l e -  
cule) is formed in the spectra of compounds obtained by the action 
of acetic anhydride. In the spectrum of the product obtained by the 
action of butyric anhydride, the el imination of an ethylketene m o l e -  
cule results  in an (M-70) + ion. The spectra of phenoxymethyl-  
penil loic acid derivatives  contain peaks shifted by 93 mass  units due 

~Ion a can also form from c and d. 
The el imination of a propionyl residue can also occur without the 

migration of a hydrogen atom. In this case ,  fragment c' with m / e  
289 develops and decomposes  via a s imi lar  scheme to give ions d'-f' 
which differ from corresponding ions d-f  by 1 m a s s  unit. 
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Fig. 1. Mass spec t ra  of the lac tams.  
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Fig. 2. IR spec t ra  of N4-acylpenilloic acid lac tams (III): 1, 6) R = CGHs, R' = 
CH3CH2CH2; 2,7) R = C6H5, R' = CH3CH2; 3, 8) R = Calls, R' = CH3; 4,9) R = 
C6HsO , R' = CH3CH2; 5,10) R = C6HsO, R' = CH3. 1-5) Mineral oil pastes;  
6-10) CHC13 solutions (1 = 0.267). 

to el imination of a C~HsO radical  in addition to the ion peak (M +) and peaks corresponding to e and d; this 
is in agreement  with data on the f ragmentat ion of phenoxymethylpenicill in i somer s .  This makes  it possible 
to conclude that Nt-acylpenil loic acid lac tam s t ruc ture  III can also be assigned to all of the indicated com-  
pounds. 

On the other hand, formula II contradicts  the mass  spec t romet r ic  data since the formation of ion a 
with m / e  118 (the maximum peak in the spectrum) f rom the molecular  ion should be associated with the 
simultaneous breaking of three  bonds at one atom, which is ex t remely  unlikely. 

The conclusion drawn on the bas is  of the mass  spec t romet r i c  investigation of the compounds obtained 
is not contradicted by thei r  IR spectra ,  which contain three intense, par t ia l ly  overlapped bands at 1665- 
1730 cm -l,  the intensit ies of which indicate that they belong to a carbonyl  absorption. A compar ison  of the 
IR spec t ra  (Fig. 2) of the neutral  products of the acylation of benzyl -  and phenoxymethylpenilloic acids by 
the homologous fatty acid anhydrides indicated the presence  of an absorption band shift f rom 1694 to 1701 
cm -t  and f rom 1714 to 1725 cm -1, respect ively ,  for der ivat ives  of benzyl-  and phenoxymethylpenilloic 
acids.  On the bas is  of this, this absorption was assigned to the vibrat ion of the t e r t i a ry  amide of the 
thiazolidine ring. The other  two intense bands are apparently due to the vibrations of the carbonyl  group 
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Fig.  3. PMR spec t r a :  5) l a c t a m  V (R' = 
CH3CH2) and N4-aeylpenil loie acid l a e t a m s  
(iT[): 1) R = C 6 H s ,  R' = C H3; 2 )  R = C 6Hs O , 
R' = CH3; 3)  R = C 6 H  ~, R '  = CH3CH2; 4) R = 

C6H50 , R' = CH3CH2; 6) R = C6H5, R' = 
CH3CH2CH2 ~ (Thedashed lines in s p e c t r a  1, 
3, and 5 indicate  the m o s t  intense changes 
which occur  during heating.) 

of the d iacylamide  grouping.* The p re sence  of an ab so rp -  
tion at about 1200 cm -~, which may  be due to the v ibra t ion  
of the C - N  bond, does not cont radic t  this  ass ignment .  The 
e levated  intensi ty of the h igh-f requency band obse rved  in 
the IR s p e c t r a  in CHC13 solution is apparent ly  explained by 
super impos i t ion  on the h igh- f requency  component  of the 
v ibra t ion of the carbonyl  group of the t e r t i a r y  amide,  which 
has a h igher  f requency in solution than in the solid s ta te .  

Everything s ta ted above is conf i rmed  by the PMR 
s p e c t r a  of the compounds,  where  peaks are  seen  which are  
common  to all of the compounds and are  read i ly  ass ignable  
to groupings common to all of them (Fig. 3). The peaks  
which di f fer  in the var ious  s p e c t r a  can be asc r ibed  to the 
differ ing protons  of the N4-acyl r e s idues .  The doubling of 
the peaks  in the region of the resonance  of the CH3CO or  
CH2CO groups is  explained by the p r e sence  of c i s - t r a n s  
i s o m e r i s m  of the amide grouping.  Thus,  the doublet with 
an intensi ty  of th ree  protons  in the case  of the acetyl  d e r i v -  
ative and the mul t ip le t  with an intensi ty  of two protons  in 
the case  of the propionyl  der iva t ive  (2-2.14 ppm) a re  con-  
ve r t ed  by heating to a na r row  singlet  and quartet ,  r e s p e c -  
t ively  (A 2 par t  of a s y s t e m  of the A2133 type) (see the dashed 
l ines in Fig.  3). Simultaneously,  the weak peaks  at 4.2-6 
ppm unite in pa i r s  to give two broad peaks  at 5 ~ 6 (Cs-H) 
and 4.3 ppm (C3-H).  

Phenylaee t ic  acid (IV, R = C6H5) and neutra l  compound 
V were  i so la ted  by the hydro lys i s  of N4-propionylbenzyl  - 
penil loic acid l ae t am by aqueous alkali .  The high intensi ty  
of the mo lecu l a r  ion peak with m / e  228 (see Fig.  1) in the 

m a s s  s p e c t r u m  of the compound obtained a t tes t s  to the p r e s e n c e  in i t  of a s table  cycl ic  s t r uc tu r e .  The 
p re sence  of ion peaks  with m / e  172 (M-56) + and 171 (M-57) + indicates  the p resence  of an N-propionyl  
group.  Each of the t h r ee  indicated ions loses  a thioacetone molecule ,  which is typical  for  penicil l in d e r i v -  
a t ives  and i s o m e r s  which contain a thiazolidine r ing.  In the p r o c e s s ,  f r agmen t s  with m / e  154, 98, and 97, 
r e spec t ive ly ,  a re  f o rm ed .  On the bas i s  of the above and the r e su l t s  of e l e m e n t a r y  analys is ,  l ac tam s t r u c -  
tu ra l  f o rmu la  V was p roposed  for  this compound; s t ruc tu re  V agrees  with the IR spec t rum,  in which there  
a re  f requenc ies  which c o r r e s p o n d  to a disubst i tuted amide  with a c isoid  s t ruc tu re  (p r imary  amide band at 
1690 cm -1, absence  of a secondary  amide band, VNH absorpt ion  at 3215 cm-1),  and a band at 1670 cm -1 
which is a s soc ia ted  with the v ibra t ion  of the carbonyl  group of a t e r t i a r y  amide .  It is apparent  f r o m  the 
PMR s p e c t r u m  of amide V (Fig. 3) that the r e s t r i c t e d  rotat ion of the N4-amide grouping is p r e s e r v e d ,  as in-  
dicated by the spl i t t ing of the peaks  f rom C 3 - H  and C 5 - H  as well  as the CH3CH2CO grouping.  Apropos  of 
the s ignals  f r o m  C 3 - H  and C s - H  , it should be noted that  the m o r e  intense peak of the C s - H  doublet is  
found at weake r  field that the weake r  peak,  while the opposite is t rue  for  the C 3 - H  doublet.  This  is p r e c i s e -  
ly  what should be expected  if the appearance  of the doublet is due to rotat ional  i s o m e r i s m  of the propionyl  
grouping.  Both protons a re  found in a lmos t  d i ame t r i c a l l y  opposed posi t ions  re la t ive  to this grouping,  and 
consequently,  the d i rec t ion of the effect  of the magnet ic  anisot ropy of this grouping during i ts  ro ta t ion  by 
180 ~ will be opposite for  C 3 - H  and C s - H .  

The isolat ion of V f r o m  the hydrolyza te  unambiguously  speaks  in favor  of s t ruc tu re  III and c o n t r a -  
dicts s t ruc tu re  II .  

* In the s p e c t r a  of compounds which have two carbonyl  groups  bonded to a ni t rogen or  oxygen atom one 
usual ly  o b s e r v e s  spl i t t ing of the carbonyl  bands into two components  which co r r e spond  to the s y m m e t r i c a l  
w s (high-frequency) and a s y m m e t r i c  Was (low-frequency) v ibra t ions  of the carbonyl  group [6], and the f i r s t  
band is of lower  in tensi ty  [7]. 
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Produc t  VI, to which the ethyl N4-propionylbenzylpenil loate s t ruc tu re  was ass igned,  was i so la ted  
along with phenylacet ic  acid and l ac tam V by aqueous-alcohol  alkaline hydro lys i s  of Na-propionylbenzyl  - 
penil loic acid l a c t am .  The s t ruc tu re  of VI was conf i rmed  by the m a s s - s p e c t r o m e t r i c  data.  The m a j o r  
paths for  the decompos i t ion  of the m o l e c u l a r  ion (molecular  weight 392) a re  the s ame  as for  benzylpenil loic 
acid and its N4-acyl de r iva t ive .*  The IR spec t r a l  data also conf i rm the s t ruc tu re  ass igned to Vh the bands 
at 3260 and 3070 c m  -i  c o r r e s p o n d  to ~NH of an amide;  those at 1660 and 1570 cm -1 co r re spond  to p r i m a r y  
and seconda ry  amide bands;  and that  at 1640 cm -1 is  the carbonyl  band for  a t r i subs t i tu ted  amide (the 
h igher  value for  the amide  band for  the t e r t i a r y  amide in the l a c t ams  obtained is apparent ly  explained by 
the different  e f fec ts  of the environment) ;  and 1740 and 1210 cm -1 are  the v ibra t ions  of the earbonyl  group 
and C - O  bond in the e s t e r .  

Thus,  the N4-acylpenil loic acid l a c t a m  s t ruc tu re  was ass igned to the products  of the reac t ion  of peni l -  
loic acids with acid anhydr ides  on the ba s i s  of a chemica l  and phys icochemica l  (IR, UV, PMR, and m a s s  
spec t ra )  s tudy.  

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

P r e p a r a t i o n  of N4-Acylpenil loic Acid L a c t a m s .  The penilloic acid (500 rag) was ref iuxed for  2 rain 
with 1-2 ml  of the appropr ia te  anhydride,  and the solution was vacuum evapora ted  with heating while adding 
methanol  or  ethanol.  The resu l t ing  oil was t r i t u ra t ed  with ethanol until a white powder was obtained, which 
was then r e c r y s t a l l i z e d  s e v e r a l  t imes  f r o m  dibutyl e the r .  

Aqueous Alkaline Hydro lys i s  of N4-Propionylbenzylpeni l loic  Acid Lac t am.  A total  of 12.5 ml  of 0.5 N 
NaOH was added to 884.8 mg  (2.5 mmole)  of N4-propionylbenzylpenil loic acid l a c t am disso lved  in 50 ml  of 
dioxane, and the mix tu re  was held at room t e m p e r a t u r e  for  19 h and then t i t r a ted  with 0.1 N HC1 in the p r e s -  
ence of phenolphthalein.  Each mole  of s t a r t ing  l ac t am consumed 1.15 moles  of alkal i .  The neut ra l ized  so lu-  
tion was evapora t ed  to one- four th  of its or iginal  volume with a r o t a r y  e v a p o r a t o r  at no higher  than 25 ~ and 
the res idue  was acidif ied with 10% H2SO 4 to pH 2 and ex t rac ted  with ch lo ro fo rm.  The ch lo ro fo rm solution 
was washed s e v e r a l . t i m e s  with 5% NaHCO 3 and then with disti l led wa te r .  Removal  of the solvent  in vacuo 
gave 277.2 mg of a c o l o r l e s s  powder which was r e c r y s t a l l i z e d  f r o m  ethyl aceta te  to give c rys ta l l ine  amide 
V with mp 172.5-173.5 ~ Found %: C 52.88, 52.69; H 7.08, 7.05; S 13.67, 13.90; N 11.94. CIoHI6N202S. 
Calcula ted  %: C 52.60; H 7.06; S 14.04; N 12.27. Phenylacet ic  acid with mp  75-76 ~ was i so la ted  f rom the 
sodium carbonate  solution and was identified f r o m  the IR and m a s s  s p e c t r a .  

Aqueous-Alcohol  Alkaline Hydro lys i s  of N4-Propionylbenzylpeni l loic  Acid.  A total of 60 ml  of 0.1 N 
NaOH was added to a solution of 1 g (2.88 mmole)  of  N4-propionylbenzylpenil loic '' acid in 350 ml  of ethanol.  
The mix tu re  was kept  at r oom t e m p e r a t u r e  for  4 h and then evapora ted  with a r o t a r y  e v a p o r a t o r  at no 
higher  than 25 ~ to one-f i f th  of i ts  or iginal  volume.  The res idue  was acidified with 10% H2SO 4 to pH 2 and 
ex t rac ted  with c h l o r o f o r m .  The ch lo ro fo rm solution was washed s e v e r a l  t imes  with 5% NaHCO 3 and then 
with wa te r .  Remova l  of the solvent  in vacuo gave 583 mg of a white powder which, according to m a s s  s p e c -  
t roscopy ,  cons is ted  of V and VI. Two r ec rys t a l l i z a t i ons  f rom dibutyl e the r  gave c r y s t a l s  of ethyl N 4- 
propionylbenzylpeni l loate  with mp 108.5-110 ~ Found %: C 60.89, 60.81; H 7.20, 7.12; S 8.26, 8.26; N 7.42, 
7.46. C20H28N~O4S. Calcula ted  %: C 61.19; H 7.19; S 8.17; N 7.14. Phenylacet ic  acid was i so la ted  f r o m  the 
sodium b icarbona te  solut ion.  

The authors  s i n c e r e l y  thank E. M. Popov for  his a s s i s t ance  in the in te rpre ta t ion  of the IR spec t r a .  
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