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Organic Chemistry 

Pivaloylpyruvic acid as a new acylating reagent for amines 

V. O. Koz'minykh,* N. M. Igidov, E. S. Berezina, E. N. Koz'minykh, and Yu. S. Kasatkina 

Perm State Pharmaceutical Academy. 
P.O. Box 8519, 614051 Perm, Russian Federation. 

Fax: +7 (342 2) 66 3906. E-mail: kvo@pi.ccl.ru 

Piva[oylpyruvlc acid is an efficient reagent for preparative acylation of amines. A method 
for the synthesis of substituted pivaloylpyruvamides with domination of (Z)-p,-keto-enol 
tautomer is proposed. The ~tructure of pivaloylpyruvic acid and its amides, as well as the 
specific features of the reaction of pivaloylpyruvic acid with amines, are discussed. 
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It is known l,z that noncata lyzed reactions of car-  
boxylic acids with amines  ut lder  mild condit ions usually 
result in the cor responding  a m m o n i u m  carboxylates 
rather than in amides.  Previously, 3 - s  it was found that 
aroylpyruvic acids ( I )  react with arylamines to give, 

instead of  aroylpyruvamides 2 (R = At), a - i m i n o  deriva- 
tives, namely, 4-ary. l -2 -a~ , l amino-4 -oxobu t -2 -eno ic  ac- 
ids (3) (Scheme 1). 

While studying the nucleophil ic  t ransformations of  
acylpyruvic acids, we found out that the react ions o f  
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pivaloylpyruvic acid (4) 6 -s  with alkyl-,  aryl-, or 0 
heta~'lamines under  unusually mild conditions (room But ....x /U~N..R~ "if" ~ ' Y  " 
temperature and no catalyst) yield substituted pivaloyl- II t I 
pyruvamides 5a---g (Scheme 2) O OH ~q2 
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5:  R z = R a = Et (a), R 2 = H. R t = PhCH 2 (b), 4-MeC6H,l (c), 
4-MeOC6H 4 (d), 2-MeOCOCgH 4 (e), 2-pyridyl (f), 
2-thiazoiyl (g) 

Spectral data for the compounds 5 synthesized are in 
satist'actory agreement with tile parameters of the well- 
known N-arylaroylpyruvamides 2 (R = Ar). 9J~ Thus, 
the IR spectra of amides 5a--e show, along with the 
absorption band at 1665--1676 cm -I (characteristic of 
an amide carbonyl group), a broad low-frequency band 
at 1540--1612 cm -I  corresponding to the C=O stretch- 
ing vibrations in the 1,3-dione fragment, which indicates 
the presence of an OH chelate ((Z)-isomers 5) closed via 
an - - O - - H . - O = C <  in t ramolecular  hydrogen bond 
(1MH B). to The I H N M R spectra of pivaloylpyruvamides 
5 in DMSO-d 6 exhibit doublets for the proton-contain- 
ing groups and a large difference in the shifts of the 
signals for the methine C(3)H protons, as compared to 
the relevant spectra in CC14 and CDCIs. This suggests 
that these amides can exist in DMSO in two solvate 
forms, viz., a nonassociated form (5C) without IMHB in 
the 1.3-keto-enol fragment and an associated one (SD), 
in which the enol OH proton is involved in OH-chela- 
tion. The fact that the spectra recorded in CCI 4 and 
CDCI 3 do not exhibit doubling of proton signals indi- 
cates the absence of a second possible (E)-isomer (SE). 
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In addition, the IH NMR spectra of compounds 5 
often contain, along with a signal for the C(3)H methine 
proton at 6 5.47--6.72, a singlet at 8 3.78--4.08 corre- 
sponding to two CH 2 protons. This pattern suggests the 
presence of both the keto-enol /5A) and minor 1,3-dione 
tautomer (SB), whose content ranges from 10 to 27% 
(see S~heme 2). While interpreting the JH NMR spec- 
tra, note that a marker signal lbr the C(3)H metbine 
proton in" model aroylpyruvamides 2 (8 6.70--7.26 in 
DMSO-d6) t~ is shifted downfield (on average, by 
0.9 ppm) on account of conjugation with the 4-arv,,I 
fragment. 

Such IH NMR chemical shifts of the signals for the 
CH and CH 2 groups in compounds 5 satisfactorily 
correlate with the theoretical spectral parameters calcu- 
lated for model chain tautomenc structures 6A and 6B 
with the use of an ACD/Labs ~'~ PC program (Scheme 3). 
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A possible cyclic structure of 5-hydroxypyrrolidine- 
2,3-dione (6C) is unambiguously excluded because a 
characteristic signal for two coupling geminal CH 2 pro- 
tons in position 4 of the ring (two doublets of the AB 
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system) is absen t  in the IH N M R  spect ra  of  amides  5 
(see Scheme  3). 

When  tested for the enol OH group  in a color  
react ion with 10% f e C I  3 in e thanol ,  the resul t ing amides  
5 show charac te r i s t i c  dark red color. 

Like b io logica l ly  active aro.vlpyruvamides 2, I~ 
p iva loy lpyruvamides  5 exhibit  bac te r ios ta t ic  and pro-  
n o u n c e d  analges ic  effects. 

The  unusua l  pa thway  of  the reac t ion  is probably  due 
to the fact tha t  acid 4C reacts with a m i n e s  in a tau to-  
m e r i t  cyclic form so that  an amine  as a nucleophi le  
a t tacks  its l ac tone  carbony[  group to cause  ring open ing  
(see Scheme  2). 

It should  be  no t ed  that  pivaloylpyruvic acid 4, ac-  
co rd ing  to its IH N M R  spect rum recorded  in D M S O - d  6, 
consis t  of  three  t au tomers ,  namely,  4A (71%).  4R (24%), 
and  4C (5%).  Such  a spectral  pa t te rn  is not  con t ra -  
d i c t o r y  to t h e  p r e v i o u s  da ta  on  the  p r e s e n c e  o f  
some p ro to t rop ic  forms in solut ions o f  the i r  analogs,  
aroylpyruvic  acids,  tz,t~ 

Thus,  we d i scovered  an easy way o f  acylat ion of  
amines  with a carboxyl ic  acid capable  o f  react ing in the 
e q u i l i b r i u m  l a c t o n e  form.  A c c o r d i n g  to our  da ta ,  
p ivaloylpym~ic  acid 4 can be used to in t roduce  the 
pivaloylpymvoyl  f r agment  into various N H-nt ,c leophi lcs .  

We believe ( th is  a ssumpt ion  is now being  def ined 
more  precisely) tha t  the  ability to form amides  in reac- 
t ions  with a m i n e s  is character is t ic  only o f  pivaloylpyruvic 
acid 4 ra ther  t han  o f  the whole series of  a lkanoylpyruvic  
acids.  Thus ,  j udg ing  from scarce l i tera ture  data pub-  
l ished more  t h a n  fifty years ago, alkyl acetylpyruvates  
react  with a m m o n i a ,  ani l ine ,  or N-me thy lan i l i ne  to give 
the  c o r r e s p o n d i n g  acety lpyruvamides ,  l a -17  while the re- 
ac t ion  of  ace ty lpyruvic  acid itself with  ani l ine  yields 
4 - o x o - 2 - ( p h e n y l a m i n o ) p e n t - 2 - e n o i c  acid (7), 14 as in a 
reac t ion  with aroylpyruvic  acids (see S c h e m e  1). 
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The  s ta r t ing  pivaloylpyruvic acid 4 can  be prepared 
by mild hydrolysis  o f  ethyl pivaloylpyruvate  in a basic 
m e d i u m  6,7 or  by the  Claisen c o n d e n s a t i o n  as reported in 
a br ie f  c o m m u n i c a t i o n  s (wi thout  deta i led  descr ip t ion of  
the procedure) .  We  synthes ized  pivaloyipyruvic acid 4 by 
the  react ion o f  d ie thyl  o• with a twofold excess of  
p inaco l in  s in the  p resence  of  an excess of  sodium 
methoxide .  The  la t ter  was used to prevent  the format ion  
o f  methyl  p iva loylpyruvate ,  because the  Cla isen  reaction 
in the p re sence  o f  excess base is well known  to give 
acy[pyruvic ac ids  tz , is , t9 ra ther  than  the i r  esters. A con -  
densa t i on  b y - p r o d u c t  was the known  5 ,6-d ihydroxy-  

2 , 2 , 9 . 9 - t c t r a m e t h y l d e c a - 4 , 6 - d i e n e - 3 . B - d i o n e  ( 8 ) l o , z t  in 

low yield (2%).  

Experimental 

The IR spectra of compounds 4, 5, and 8 were recorded on 
UR-20 and Specord bi-80 spectrometers (Vaseline oil). The 
IH NNIR spectra of compounds 4 and 5 were recorded on 
RYa-2310 (60 blHz), Gemini-200 (200 MHz), and Bruker 
AC-300 (300.13 MHz) instruments in DMSO-d~,, r e [  4, and 
CDCI 3 with Me4Si or HMDS as the internal standard. The 
13C NMR spectra of amides S were recorded on JEOL EX-90A 
FT-NMR (22.30 MHz) and Gemini-200 (50.29 MHz) spec- 
trometers in DMSO-d{, and CDCI 3. The course of the reactions 
was monitored and the purity of compounds was checked by 
TLC on Silufol UV-254 :*> plates in a benzene--ether--acetone 
system ( 10 : 9 : 1): spots were visualized with iodine vapors. The 
mass spectra (El) of compounds 4 and $ were recorded on a 
Kratos MS-30 spectrometer ( United Kingdom) {direct inlet of a 
sample into the ion source, emission current I A, ionizing voltage 
70 eV, evaporator temperature 100--t80 ~ A PC program 
designed to plot I H N M R spectra was provided by ACD/Labs ~ 
Software (Toronto. Canada. http://www.acdlabs.com). 

Methanol was preliminarily dehydrated by distillation with 
sodium. 

(Z)-2- Hydroxy-5,S-dimet hyl-4-oxohex-2-enoic (pivaloyi- 
pyruvic) acid (4). Sodium (9.2 g. 0.4 tool) was added poftionwise 
to 100 mL of anhydrous methanol. The methanol was then 
removed, and anhydrous dJethyi ether (150 mL) was added Io 
the dry. sodium methoxide. A mixture ofdiethyl  oxalate (29.2 g, 
0.2 tool) and pinacolin (40.0 g, 0.4 tool) ',,,as added with cooling 
and stirring to the resulting suspension. The clay after, the stirred 
precipiu~te of sodium enolate was treated with hot water (40 mL} 
and with conc. HCl in small portions to pH 3--4. The solvent 
was removed, and the dry. residue was recrystallized from CCI 4 

or a toluene--hexane mixture (1 : 1) to give acid 4 as colorless 
needles. Yield 24.60 g (71%), m.p. 55--56 ~'C (e f  def. 6: m.p. 
60 "C; dee 7: m.p. 64 "C). IR, v/era-I:  3455--3510 (COOH); 
1675--1708 (CQOH); 1615--t622, 1580--1590 (C=Ochela:e, 
C=C); 1458, 1372, 1293, 1257, 1138, 1115 (enol form 4A in 
c,'Tstats). ~H NMR (300.13 MHz, CDCl3). 8:1.20 (s, 9 H, gu:); 
6.62 (s, I H, CH) (100% of enol form 4A). IH NMR 
(300.13 MHz, DMSO-dd), 6 : t . 02  (s, 9 H, Bu *, 4C (5%)); 1.08 
(s. 9 ]-t, gu;, 4B (24%)): 1.17 (s, 9 H, Bu t , 4A (71%)); 2.90, 3.38 
(both d, 2 H, CH 2, 4C): 4.06 (s. 1 H, CH 2, 4B); 5.42 (s, 1 H, 
OH, 4C); 6.50 (s, I H, CH, 4A); 13.90--[4.30 (br.s. 2 H, 2 OH, 
--COOH, 4A and 4B). MS, m/z  (Ire ! (%)): 172 [MI ~" (30L 144 
[M - CO] ~ or [ButCOCH2COOH]" (20), 128 [M - CO21 + (8), 
127 [M ~- CO 2 - HI* or [Bu~COCH2--C~O] '- (81), 116 
[M - 2 CO] ~ (34), 115 (g), 111 (8), 88 (21), 83 (12L 69 
[ O = C - C H = C = O ]  ~ (40), 60 (5), 57 [Me2CHT-Ct42} + (100), 
55 (11), 45 (13), 44 (20), 43 (62), 42 (21), 41 (57), 40 (32), 39 
(25) (peaks with I m > 5% are included only). Found (%)" 
C, 56.24 H. 6.73. C sl-t~20 a. Calculated (%): C, 55.81: H, 7.02. 
Molecular weight: 172.18. 

Crystallization from the mother liquor gave 5,6-dihydroxy- 
2,2,9.9- te tramethytdeca-4.6-diene-3,8-dione (8) (I 30  g, 2%1, 
m.p. 85--86 ~ (from EtOH) ( ~  Ret: 20: m.p. 98 ~ IR, 
v/era-I: 1605; 1580--1545 (C=Ochela~e, C=C);  1530; 1458. The 
JH NMR spectra (in CDCI3 and DMSO-d 6) of compound 8 are 
available from def. 21. 

Pivaloylpyruvamides (fin--e) (general procedure). A solu- 
tion of a corresponding alkyl-, ary l-, or hetarylamine (7.8 retool) 
in 15--20 mL of EtOH or CCI 4 was added with stirring to a 
solmion of pivaloylpyruvic acid 4 (I,35 g, 7.8 mmol) in 
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20--30 mL of EtOH or CCt4. The reaction mixture was left at 
~20 ~ for ~24 h. The precipitate that formed was filtered off 
and recry'stattized from EtOH. dioxane, or a toluene--hexane 
mixture (2 : I). 

N,N-Diethylpivaloylpyruvamide (Sa). Yield 1,63 g (92%), 
m.p. 120--121 ~ ~H NMR(60  MtIz, CDCI3),8 1.21 (s, 9 H, 
gu');  1.30 (t, 6 H, 2 CH 3 in 2 El): 3,04 (q, 4 H, 2 CH, in 2 El); 
4.06 (S, 2 H, C(3)H 2. 511 (12%)); 6.67 (s, 1 H. (f(3)H. 5A 
(88%)). tH NMR (200 MHz, DMSO-d6) , 6:1,16 (s, 9 H, Bu'); 
1.23 (t, 6 H, 2 CH 3 in 2 El): 2.85 (q, 4 H, 2 CH 2 in 2 EtT; 3.78 
is, 2 H, C(3)H 2, 511 (27%)); 5.77 (s. I H. C(3)H. 5A173%)). 
13C NMR (22.30 MHz, DMSO-d6) , 6:10.9 (CH 3 in El); 25.7 
(CH 3in BC);27.3(C__Me3);37.7(C(3)H 1 5B) ;41 .2 ,42 .4(CH 1 
m El); 95.7 (C(3)H); 163,2 (=C(OH)--) ;  165.5 (BCC_O.K 182.3 
(CONEt2). Found (%7: C, 63.29; H, 9.47; N, 6,33. CTeH2INO~. 
Calculated (%): C. 63A1; H, 9.31: N, 6.16. 

N-Benzyllfivaloylpyruvamide (Sb), Yield 1.35 g 166%11, m.p. 
133--134 ~ (decomp.). IR, v/era-l:  3284 (CO...NH_I; 1605 
(CONH); 1540--1610 (COcheia:e), IN NMR (200 MHz, CDCI;). 
6: 1.15~s 9 H, Bu ' ) :4 .47(d .  2 H,C_H2Ph, J =  3.g Hz); 5.57 (s, 
1 H, C(3)tt); 7.28--7.39 (m, 5 H, CoHs); 7.93 (s, I H, NH). 
tH NMR 1300.13 MHz. DMSO-d6). 8:1,07 (s, 9 H, Bw); t.12 
(s, 9 H, Bu~); 4.56 (d, 2 H. C.)qzPh) 4.61 (d, 2 H, C[___!2Ph): 
5.47 (s I H, C(3)H, 5C (46%)); 5.62 (s, 1 H, C(3)H. 5D 
(54%)7:7.27--7.38 (m, 10 H. 2 C6H51; 918 (s. I H, NH); 
10.43 (s, I H, NH). "3C NMR (50.29 MHz, CDCI;). ~: 27.8 
(CH 3 in Bur); 47,9 (_C'Me0; 76.6 (CH2): 91.0 (CHT: 127.5, 
128.4, 129.1 (C in Ph); 154.3 (-~C(OH).--); 162.2 (But C..O): 
205.0 (C_O--NH). MS. m/z (l~,a (%)): 261 IM I  + (5). 204 
{M - Me2CH--CH2J"- t l7) ,  126 [Bu:CO---CH=C=OI* (41. 92 
(9). 9I [PhCHa]" (100), 69 [O=C--CH=C=OI  + 131, 65 (121. 
57 IMe?CH--CHel + (9), 41 (12), 39 (8) {peaks with ]tel > 3% 
are included only), Found (%): C, 69.31 t-t. 768; N, 512. 
C15HIgNO 3. Calculated (%): C. 68.94: H, 7.33: N, 5.36. 

P/-(4-Tolyl)pivaloylpyruvamide (5c1. Yield 1.0 g (48%). m.p 
106--107 ~ (decomp L iH NMR (60 MHz. DMSO-d6), 8:0.97 
(s, 9 H, But); 1.12 is, 9 H, But}: 2.28 (s, 6 H, 2 Me): 4.08 (s. 
2 H, CO)H 2 , 5B (20%)); 5.82 (s, I H. C(3)H. 5C (49%)); 6.28 
(s I H, C(3)H. 5D (51%)); 6.88--7.40 (m, 8 H, 2 C(,H.~); 828 
(s, I H, NH); 11.68 (s, I H, NH). Found (%): C, 68.77; H, 7.59: 
N, 5.50. CIsHIoNO 3. Calculated (%): C, 68,94: H, 7.33; N, 5.36. 

N-(4-MethoxYl)henyl)pivaloylpyruvamide (5d). Yield 1.60 g 
174%), m.p. 124--125 ~ (decomp.). IR, v / c m l :  3204 
(CONH): t676 (_CQONH); 1580--1612 (COchctatr IH NMR 
(60 MIIz, CCI41, 6:1.13 (s, 9 H. BC). 3.80 (s, 3 H, MeO); 6.03 
(s, I H, C(3)H); 6.85--7.30 (m 4 H, C6H.t); 9.18 (br.s, t H, 
NH).  IH NMR (200 MHz, CDCI3),8:1.15 (s 9 H, But); 3.86 
(s, 3 H, .MOO); 6,09 (s, 1 H, C(3)H); 6.99, 7.03, 7.2t, 7.25 
(all s, 4 H, C6H4); 8.99 (s. I I-t, NH). IH NMR (300.13 MHz. 
DMSO-d6), 6:1.02 (s, 9 H. But); 1.18 (s, 9 H, gu~); 3.76 (s. 
3 H, MeO); 3.79 (s. 3 H, MeO): 5,68 (s. I H. C(3)H. 5C 
(76%)); 6.02 (s, I H. CO)H, 5D (24%)); 6.87--7,23 (m, 8 H, 
2 C6tl41; 9.72 (s, I H, NH): 11.58 is, I H, NH). t3C NMR 
(50.29 MHz, CDCI.~), ,5:27.5 (CH 3 in Bu"); 41.9 (CMeO: 55.3 
(MeO); 91.3 (CH); 114.1. 115.0, 123.1, 12 . . . .  128.7 (C in 
C6H4); 158.8 I=C(OH)- - ) :  t62.3 (Bu~--CO); 205.4 (C_O--NHT, 
Found (%): C, 65.23; H, 7.30: N, 494. CIsHI,~NO a. Calcu- 
lated (%): C, 64.97; H. 6.91; N, 5.05. 

Methyl N-pivaioyipyr-avoylanthranilate (Se). Yield 1.15 g 
(48%), m.p. 150--151 ~ IH NMR 1300.13 MHz, DMSO-ds). 
6 : 1 0 3  (s, 9 H, Bu:); 1.18 (s, 9 H, But); 3.91 (s, 6 H, 2 MeO); 
6.06 (s, I H, C(3)H, 5C 129%)7: 6.72 (s, I H, C(3)H, 5D 
(71%)): 6.92--8.03 (m. 8 I--I. 2 C6H41; 10.13 is, I H, NH): 
12.12 (s, 1 tt, NH). MS, m/z.(lre I (%)7:305 [M1 + (8), 249 (I0), 
248 [M - M%CH--CH21 + (637, 216 126), 204 (81, 202 1371, 
t88 (7), 172 (24), 170 {M - 2-MeOCOCsHal § (29), 158 (401, 

145 1127, 144 (38), 143 1t07, 135 [2-MeOCOCsH,d + (121. 132 
(10), 119 [O~C--C~[-14--NH]' ( I lL  117 (81, 116 (19), t l5 
(10), 105 (7L 92 ~181, 91 (13), 89 tl9), 77 IPhl* 1231, 76 (12L 
69 tO=C--CH=C=O} * (131, 65 (121. 63 ( I lL  58 (8), 57 
IMe?CH---CH2]* 1541, 56 112), 55 115), 51 1137. 50 (13), 44 
(100), 43 127), 40 (83), 39 (361 (peaks with /tel > 5% are 
included only). Found (%): C. 63.12; H. O.50; N, 4.74. 
Ct61"t19NO5. Calculated (%): C, 62.94; H, 6.27; N, 4.59. 

N-(2'-Pyridyl)fl, ivaloylpyruvamide (50. Yield 1.34 g 109%!, 
m.p. 143--144 "C (decomp).  IH NMR (200 MHz, DMSO-ds),  
8:1.15 (s, 9 H, But); 3.97 is, 2 H, C(3)H 2, 5B (10%)); 6.31 {s, 
1 H, C(3)H, 5A (90%)7; 7.20 Ibr.s, I H, NH); 6.64, 7.59, 7.90 
(all s, 4 H, CsHaN). MS, m/z (lrel (%)): 144 (10), 127 
[Bu~CO--CH2--C---O] * 166), t l6 (30), 114 191, llO (101, 95 
( I lL  94 {CsH4NNH2]* (92L 93 (101, 88 1157, 85 (7), 83 (151, 
81 (10), 71 (17), 69 {O=C--CH=C=OI * {661, 68 (131, 67 (90). 
66 (26), 65 (81, 60 (10), 57 [Me2CH-CH2] + (100) (peaks with 
/re ~ > 5,70 are included only; tim peak of a molecular ion is 
absent). Found (%): C, 62.60; H, 6.93: N, I 1.05. CI3H!6N203 
Calculated (%): C, 62.89; H, 6.49: N. 11.38. 

N-(2"-rhiazolyl)l~ivaloyl0yrlavamide (Sg). Yield 1.43 g (72%), 
m.p. 137--138 ~ (decomp.). IH NMR (200 MHz. DMSO-d~,), 
& t.14 Is, 9 H, Bug; 6.45 (s, 1 H, C(3)H); 6.61, 7.02 (both d. 
2 H, C(4 ')H,  C ( 5 ) H ,  J = 2.6 Hz): 7.90 Ibr.s, 1 H, NH); 12,20 
(br.s, I H, OH). 13C NMR (50.29 Mllz, DMSO-d6), 6:20.4 
(CH 3 in But); 41.0 (CMe3); 97.1 (C(3)H); 106.7, 135.9 
(C(4") and C15')); 164.0 (=C(OH)--) ;  169.7 (BunCO); 207.9 
(C'O--NH). Found (%): C, 52.23; H, 5.71: N, 11.26. 
CllbltaN203S. Calculated (%): C. 51.95; H, 5.55; N, 11.01. 

References 

I. B. C. Challis and J. A. Challis, in Comprehensive Organic 
Chemistry, EeLs. D. Barton and W. D. Oil{s, Pergamon Press, 
New York, t979, 2. 

2. J. March, Advanced Organic Chemistry. Reactions, Mecha- 
*risms and Structure, Wiley Inter'science, 1985. 

3. R, F. Saraeva, P h . D .  (Chem.) Thesis, Perm State Univ.. 
Perm, 1973, 140 pp. (in Russian). 

4. A. P Kozlov, V. V. Ryabova, L. I. Varkentin, and Yu. S. 
Andreichikov. Khim(va nepredel'nykh soedinenii. Materialy 
V~esoyuznoi konferentsii, posvyashchennoi pamyati A. M. 
B, tlerova [The Chemistry of Unsaturated Compounds, Proc. 
All-Union Conf in Memory of A. 44. Butlerovl, Kazan, 1986, 
pan 2. 120 (in Russian). 

5. A. P. Kozlov, V. V. Ryabova, and Yu. S. Andreichikov, 
Zh. Org. Khim. 1987, 23, 1665 [d. Org. Chem. USSR, 1987, 
23 (Engl. Transl.)]. 

6. F. Couturier, C R. Acad_ Sci., 1910, 150. 928. 
7. A. Meister and J. P. Greenstein, J. Biol, Chem,, 1948. 

175. 573." 
8. O. V. Parfenov, S. A. Artem'ev. and V. Kh. Khamaev. 

Regional'hoe saveshchame respublik Srednei AZ6 i Kaz.akhstana 
po khtmicheskim reaktivam {Regional Conf. of the Republics of 
Middle Asia and Kazakhstan on Chemicalsl, Tashkent, t990, 
I. part 2, 292 (in Russian). 

9. Yu. S. Andreichikov. Yu. A. Nalimova. S. P. Yendryakova, 
and Ya. M. Vi lenchik, Zh. Org. Khim., 1978. 14. 160 
[J. Org. Chem. USSR, 1978, 14 {Engl. Transl.)]. 
N. M. Igidov. E. N. Koz 'minykh,  A. V. Mi lyu t in .  E, S. 
Berezina, G. A. Shavkunova. I. B. Yakov lev ,  S. A. 
Shelenkova, V. E. Kol la,  E. V. Voronina, and V. O. 
Koz'mmykh, Khim.-Farm. gh., 1996, 30, No. 11, 21 [Pharm. 
Chem. J., Ir 30, No. 11 (EngL Transl.)l. 

10. 



[556 Russ.Chem.Bult., Int.Ed., Vol. 49, No. 9, September, 2000 K o z ' m i n y k h  et al. 

I1. Yu. S. Andreichikov, A. V. Milyutin, I. V. Krylova. R. F. 
Saraeva, E. V. Dormidonto~a. L. P. Drovosekova, F. Ya. 
Nazmetdinov, and V. E. Kolla, Khim-Farm. Zh., 1990, 24, 
No. 7, 33 [Pharm. Chem. J., 1990, 24, No. 7 (Engl. Transl.)]. 

12. E. N. Koz'minykh, D. Sc. (Pharm.) Thesis, Perm State 
Pharmaceutical Academy, Perm, 1999. 334 pp. (in Russian). 

13. E. N. Koz'minykh, N. M. Igidov, and V. O. Koz'minykh, 
Vosem "desyat let farmatsev#cheskomu obrazovani.vu i nauke 
na Urale: itogi i perspektivy. Moterialy yubileinoi mezhvuzovskoi 
nauchno-prakticheskoi konferentvii, posvyashchennoi 275-letiyu 
Permi i 80-1etiyu farmatsevtiche.~kogo obraz.ovaniya na Urale 
[ The Eightieth Anniversat 3, ,)f Pharmaceutical Education and 
Science in vhe I~#-al Region. Proc. Anniversa~ Scientific and 
Training Conf. of Schools of Higher Education, Dedicated to 
the 275th Anniversary of Perm and SOth Anniversa~. of Phar- 
maceutical Education in the Urol Region], Perm, 1998, 54 (in 
Russian). 

14. O. Mumm and P. Bergell, Ber. Deutsch. Chem. Ges., 1912, 
45, 3046. 

15. W. Kiister and P. Schlack, Ben Deutsch. Chem Ges.. 1924, 
57, 409 

16. W. Kfister and E. Erfie, Ber. Deutsch. Chem. Ges., 1926, 
59. 1015 

17. Akiyoshi Ichiba. Sakae Emoto, and Masanobu Nagai, J. Sci. 
Res. Inst. (Tokyo), 1948, 43, 23; Chem. Abstrs., 1949. 
43, 4673b. 

18. E. Br6mme and L. Claisen, Ber. Deutsch. Chem. Ges., 1888. 
21, 1131. 

19 L. Claisen and N. Stylos, Ber. Deutsch. Chem. Ges., 1888. 
21, 1141. 

20. K. Balenovie, A. Deljac, B. Ga~perl, and Z. gtefanac, 
Monatsh. Chem., 1967, 98, 1344. 

21 M. Poje and K. Balenovid, J. Heterocycl. Chem., 1979, 
16. 417. 

Received January 25, 2000; 
in revised form March 28, 2000 


