
The analysis  of the organ, t in  compounds was ca r r i ed  out on a Tsvet -4  chromatograph with a katharo-  
me te r  in a s t r e a m  of hel ium (60-80 ml/min).  The column was 2 m x  4 mm and contained 10% Apiezon on 
Chromosorb  W (80-100 mesh).  The quantitative determinat ions  were  ca r r i ed  out re la t ive  to an internal  r e f e r -  
ence, viz . ,  hexadecane.  The analysis  of the o rgan ,ge rmanium compounds was ca r r i ed  out on an AG K-6 
chromatograph with a ka tharomete r  in a s t r e a m  of hel ium (80 ml/min),  The column was 3 m •  4 mm and con- 
tained 5% SE-30 on Chromaton N, which was t rea ted  with dimethyldichlorosi lane.  The analysis  was ca r r i ed  
out with p rogramming  of the t empera tu re  f rom 100 to 270~ and f rom 170 to 270~ at  the r a t e  of 20 deg/min. 
The internal  r e f e r e n c e  was te t radecane .  

C O N C  LUS IO N S  

1. The hydrostannat ion and hydrogermyla t ion  of olefins is eff iciently initiated by ~~ o ~ radiat ion.  

2. The addition of Ge and Sn hydrides  to olefins initiated by T radiat ion is consis tent  with the main laws 
governing rad ica l  chain reac t ions  in the liquid phase.  

3. The radiat ion effects  in the hydrometa l la t ion  reac t ion  dec rease  upon the t ransi t ion f rom Sn hydrides 
to Ge hydrides and f rom hydrides  of the a romat ic  se r ies  to the aliphatic s e r i e s .  

4. The r a t e  of the rad ia t ion-chemica l  hydrometa l la t ion  increases  with increas ing  e lec t ron  density in the 
double bond; the introduction of e l ec t rou-accep to r  substituents lowers the reac t ion  ra te .  
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REACTIONS O F  SEVERAL ~-ENONES 

WITH TRIMETHYL PHOSPHITE 

B. A. Arbuzov, G. A. Tudrii,  
and A. V. Fuzhenkova 

UDC 542.91 : 547.1'118 

It is known [1-3] that the reac t ion  of t r ia lkyl  phosphites with ~,~-unsaturated ketones containing e lec-  
t ron -accep to r  groups proceeds  with the format ion  in the f i r s t  step of an adduct of bipolar s t ruc tu re  and its 
subsequent  s tabi l izat ion in the fo rm of a cyclic phosphorane or enol e s t e r .  We have previously  [4-6] demon- 
s t ra ted  the possibi l i ty of the format ion  of A4-oxaphospholenes in reac t ions  of t r ia lkyl  phosphites with ~-enones  
in which there  are  no e lec t ron-accep to r  subst i tuents ,  but which offer the possibi l i ty of the stabil izat ion of the 
bipolar ion by means of a r e sonance  interact ion between the anionic cen ter  and the benzylidene group or an 
a romat ic  r ing.  

As a continuation of these investigations we studied the reac t ion  ~f 2,5-dibenzylidenecyclopentanone (I) 
and 3,3-diphenyl-2-benzyl idenehydrindone (11) with t r imethyl  phosphite (III). In analogy to 2 ,6-dibenzyl idene-  
cyclohexanone [4] and 2-benzyl idenete t ra lone  [6], in the case  of I and II we postulated the format ion of bipolar 
ions IV and V, which subsequently yield cycl ic  phosphoranes VI and VII: 

A. M. Butlerov Chemical  Institute. I. V. Ul 'yanov-Lenin Kazan'  State Universi ty.  Transla ted f rom 
Izvest iya Akademii  Nauk SSSR, Seriya Khimicheskaya,  No. 2, pp. 382-386, February ,  1980. Original a r t i c l e  
submitted December  5, 1978. 
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However ,  the addition products  of n I  to I and II were  not found even a f te r  prolonged heating. It  is i n t e r -  
est ing that  a s m a l l  exo thermic  ef fec t  with an init ial  t e r m p e r a t u r e  of 74~ and a t e m p e r a t u r e  at  the m a x i m u m  
equal to 83~ was  obs e rved  on the t h e r m o g r a m  of a mix ture  of I and III.  A compound not containing 
phosphorus  was i so la ted  with a smal l  yield a f t e r  the t he rmography .  The data f r o m  the IR spec t rum were  
as follows (v, cm-1):  1612, 1635 (C = C ) ,  1720 (C----O). The de te rmina t ion  of the molecu la r  weight by R a s t ' s  
method (the mol .  wt. found was 571.5, and the m o l .  wt. calculated was 520.6) and the data f r o m  the e lementa l  
analys is  allowed us to postula te  the fo rmat ion  of a product  of diene synthesis  f r o m  two molecules  of I: 

CHPh ~HPh 

t ' I ~ C H ~ J , ( ~  . 

(VIIIa) (VIIIb) 

The choice  between poss ib le  s t r uc tu r e s  Villa and VIIIb was not made.  It should be noted that  the fo rmat ion  of 
phosphoranes  was not detected in any of the invest igat ions in the l i t e ra tu re  on the reac t ion  of f i v e - m e m b e r e d  
cycl ic  and he te rocyc l ic  a - e n o n e s  and diketones with t r ia lky l  phosphites [7]. 

The rea l i za t ion  of the f i r s t  s tep in the nonclass ica l  Arbuzov r e a r r a n g e m e n t  is indicated by the reac t ion  
of I and II with III in the p r e s e n c e  of AcOH or Ac20. It was found that  the r e ac t i on  of I with IlI in the p r e sen ce  
of AcOH produces  T-ketophosphonate  IX w i t h a s m a l l  admix ture  of enol ace ta te  X. We prev ious ly  noted [4] the 
unexpected fo rmat ion  of enol ace ta tes  in the reac t ions  of 2 ,6-dibenzyl idenecyclohexanone with t r ia lkyl  phos-  
phites in the p r e s e n c e  of AeOH. It  may  be postulated that the fo rmat ion  of enol phosphonates occurs  initially 
in these  p r o c e s s e s  and that  these  in te rmed ia tes  a r e  e i ther  i r r e v e r s i b l y  t r a n s f o r m e d  into T-ketophosphonates 
or  ace ty la ted:  

+I~IeCoOH 
(i) +(i i i)  - -  

~- OH 0 "~ 
PhCH I / 

L Ph J 

I +(MeCOhO 

OCOMe I 
PhCH [ 0 

Ph 
(x) 

+MeUOOH 
I 

o t o 
PhCH H 

I ]--?HP(OMe).2 

Ph 
(Ix) 

The s t r u c t u r e  of products  IX and X was demons t ra ted  by the data f r o m  the e lementa l  analys is  and the IR 
s p e c t r a  (v, cm-1):  for IX, 1035, 1060 ( P - O - C ) ,  1255 ( P - - O ) ,  1750 (C- -O) ;  for X, 1034, 1063 ( P - O - C ) ,  1197 
(P--O--CH3) , 1255 ( P = O ) ,  1605, 1652 ( C - - C ) ,  1775 (C~---O). In addition, the constants  of IX coincided with 
those  of the T-ketophosphonate  we obtained in [8] by r eac t ing  I with (MeO)2POH with ca ta lys i s  by MeONa. Enol 
ace ta te  X has a lso  been isolated as a r e s u l t  of the r eac t ion  of I with III in the p r e s e n c e  of Ac20. 

3 ,3-Diphenyl -2-benzyl idenehydr indone  r e a c t s  with III in the p r e s e n c e  of AcOH, yielding s table  enol XI, 
which does not undergo a t r ans i t ion  to a keto fo rm:  
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The IR s p e c t r u m  of XI contains c h a r a c t e r i s t i c  absorp t ion  bands (v, c m  -1) a t  1030, 1055 ( P - O - C ) ,  1210 (P- -O) ,  
and 1615 ( C = C ) ,  and a diffuse band in the 2500-2700-cm - i  reg ion  (v OH). The rea l i za t ion  of the r eac t ion  of II 
with HI in the p r e s e n c e  of Ae20 made it  poss ib le  to obtain enol ace ta te  XII. 

The monobenzyl idene ketones benzyl ideneaeetone {XII1), 2-benzyl idenecyclohexanone (XIV), and 2 -benzy l -  
idenecyclopentanone (XV), i .e . ,  a - e n o n e s ,  in which the re  a r e  no groups which s tabi l ize  the bipolar  ion ,  do not 
r e a c t  with HI. However ,  the the rmograph ic  study of the reac t ion  of ketones XIII-XV with HI in the p r e s e n c e  of 
AcOH demons t ra ted  the  p r e s e n c e  of an exo thermic  effect  with an init ial  t e m p e r a t u r e  of 120~ and a t e m p e r a -  
t u r e  a t  the m a x i m u m  equal to ~ 187~ These  reac t ions  resu l ted  in the product ion of 7-ketophosphonates  XVI- 
XVIII : 

PhCH=CHCOMe--. 
(XHI) 

o 
!l CHPh 

(/ 
(XlV) 

o 
Ii CHPh 

( x v )  

+(MeO) ,P+MeGOOH 

PhCH--CHaCOMe 
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( M e O ) 2 P = O  ( X V I )  

o 
o / /  

(XVII) 

0 
0 / /  
II C H P(OMe) z 

(xvni) 

The extended exo thermic  e f fec t  on the t h e r m o g r a m s  is not a t t r ibuted to the r eac t ion  of the a - e n o l s  with 
t h e  phosphite,  but it is the r e s u l t  of two p r o c e s s e s .  At f i r s t  III r e ac t s  with AcOH (exothermic  effect,  initial 
t e m p e r a t u r e  120~ t e m p e r a t u r e  at  the m a x i m u m  155~ to f o r m  (MeO)2POII , which then r e a c t s  with ~-enones  
XIII-XV at  ~ 185-189~ as was shown in [9], yielding 7-ketophosphonates  XVI-XVIII.  

Thus,  the s t y ry l  and a ry l  f r agmen t s  in c ros s -con juga ted  ketones I and II  can br ing about the s tabi l i ty  of 
the b ipolar  ion and the reby  p rov ide  for  the occu r rence  of the f i r s t  s tep in the nonc lass ica l  Arbuzov r e a r r a n g e -  
ment.  The absence  of groups which s tabi l ize  the bipolar  ion in ~-enones  XIII-XV makes  it imposs ib le  to obtain 
products  of the r eac t i on  with t r ime thy l  phosphi te ,  evenin  the p r e s e n c e  of a third component .  However ,  the re  
a r e  some  examples  [10, 11], in which s y s t em s  (acrolein,  methyl  vinyl  ketone) not containing groups which s t a -  
b i l ize  adducts with a b ipolar  s t r u c t u r e  yield phosphoranes .  We sugges t  that  the poss ib i l i ty  of the fo rmat ion  of 
phosphoranes  in these  cases  is de te rmined  by the s m a l l e r  loss of conjugation energy  [12] during the a t tack  of 
the phosphite on the ca rbon  a tom of alkylidene ketones than in the ca se  of benzylidene ketones.  Additional sup-  
p o r t  for  this hypothesis  is provided by the detect ion of oxaphospholene s t ruc tu re  XIX in the reac t ion  of ethyli-  
deneacetone with HI (6 31p + 32 ppm): 

Me 
[ 

-. MeCH--CH_----C MeCH=CHCOMe + (MeO).P ~- j .,{ 
@ 

(MeO)aP .~ 0 

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

CH =C--Me 
{ I 

Me--CH O 

\P(/OMe)3 
(xix) 

The the rmograph ic  invest igat ions were  c a r r i e d  out on a Kurnakov PK-52 p y r o m e t e r  with a C h r o m e l -  
Alumel  the rmocouple  in sealed Stepanov v e s s e l s .  Calcined MgO served  as a r e f e r e n c e .  The r a t e  of heating of 
the furnace  was 4-5 deg/min.  The IR spec t r a  we re  r eco rded  on a UR-10 spec t ropho tomete r .  The mel t ing point 
was de te rmined  on a Kofler  appara tus .  

React ion  of 2 ,5-Dibenzyl idenecyclopentanone (1) with Tr ime thy l  Phosphi te  (IIl). A mix tu re  of I and a two- 
fold excess  of III was held a t  ~ 20~ and heated at  40-60~ for 40 h, a t  100~ for  20 h, and a t  150~ for  7 h with 
the rmograph ic  monitor ing.  An adduct containing phosphorus was not found (by IR and ~lp NMR spec t r a l  ana -  
lysis)  in any of the exper iments .  Af ter  pa s s age  of the exothermic  effect  (the t e m p e r a t u r e  a t  the max imu m was 
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83~ the mixture was held in a Stepanov vessel  at 20~ for 2 weeks. The white crystall ine compound VIII was 
separated by washing with ether. The yield was 32.6%, and the mp was 263-264.5~ Found: C, 87.45; H, 
6.30%. Calculated for C38H3202: C, 87.65; H, 6.19%. 

Reaction of 2,5-Dibenzylidenecyclopentanone (1) with Trimethy ! Phosphite (III) in the Presence of Acetic 
Acid. A mixture of equimolar amounts of I, III, and AcOH was thermographed until the f i rs t  exothermic effect 
had been passed (the initial temperature  was 74~ and the temperature at the maximum was 120~ Upon 
cooling the mixture crystall ized. The white crystals were washed with ether. 7-Ketophosphonate IX and enol 
acetate X were separated mechanically (according to the shape of the crystals).  The yield of IX was 42% and 
the mp was 126-127.5~ (from cyclohexane). The yield of X was 9.3% and the mp was 156-157~ (from cyclo- 
hexane). IE spectrum of IX (9, cm-l):  1035, 1045, 1059 ( P - O - C ) ,  1225 ( P = O ) ,  1636 (C--C),  1720 (C----O). 
Found: C, 57.63; H, 6.34; P, 8.29%. Calculated for C21H23OdP: C, 57.91; H, 6.29; P, 8.36%. IR spectrum of 
X (9, era-i): 1034, 1063 (P-O--C), 1197 (P-O-CH3), 1255 (P-----O), 1605, 1652 (C-----C), 1775 (C--O). Found: 
C, 67.08; H, 6.10; P, 7.08%. Calculated for C23H25OsP: C, 66.97; H, 6.11; P, 7.05%. 

Reaction of 2~5-Dibenzylidenecyclopentanone (1) with Trimethyl Phosphite (IID in the Presence of Acetic 
Anhydride. An equimolar mixture of I, III, and Ac20 was heated with thermographic monitoring until an exo- 
thermic effect had been passed (the initial temperature  was 122~ and the temperature at the maximum was 
147~ The contents of the vessel  crystall ized upon cooling to ~ 20~ The crystals were filtered off and 
washed with ether,  and compound X was obtained in an 87% yield, mp 156-157~ 

Reaction of 3.3-D_iphenyl-2-benzylidenehydrindone (II)with Trlmethyl Phosphite (III) in the Presence 
of Acetic Acid. Equimolar amounts of II in AcOH with an excess of III were thermographed to the f i rs t  exo- 
therm/c effect (the temperature  at the maximum was 112~176 The contents of the vessel crystallized upon 
standing in a re f r igera tor .  The precipitate was filtered off and washed with petroleum ether. This yielded 
enol phosphonate XI, mp 201-202~ (from a benzene-pet ro leum ether mixture). The yield was 85%. Found: 
C, 74.63; H, 5.67; P, 6.43%. Calculated for C30H2?OdP: C, 74.6; H, 5.64; P, 6.42%. 

Reaction of 3,3-Diphenyl-2-benzylidenehydrindone (I1) with Trimethyl Phosphite did in the Presence of 
(CH3CO)20. A mixture of 0.1023 g of II, 0.1371 g of HI, and 0.0236 g of Ac20 was thermographed to the f i rs t  
exothermic effect (the temperature at the maximum was 140~176 White crystals  precipitated in the cold over 
the course of 24 h. Product XII was filtered off and washed with ether. The yield was 70%, and the mp was 
167-168~ (from cyclohexane), lR spectrum (9, cm-1): 1030, 1068 ( P - O - C ) ,  1218 (P----O), 1250 (OCOCH3) , 
1612, 1652 (C----C), 1770 (C-----O). Found: C, 73.28; H, 5.99; P, 5.85%. Calculated for C~2H28OsP: C, 73.26; 
H, 5.57; P, 5.90%. 

Reaction of Benzylideneacetone (XII1), 2-Benzylidenecyclohexanone (XIV), and 2-Benzylidenecyclopenta- 
none iXV) with Trimethyl Phosphite in the Presence  of CH3COOH. A mixture of equimolar amounts of the ~- 
enone (XIII, XIV, and XV) and AcOH and of a twofold excess of III was heated with thermographic monitoring 
until an exothermic effect had been passed (the initial temperature was 120~ and the temperature at the 
maximum was ~ 186~ The excess of III was removed from the reaction mixture in a vacuum, and the r e s i -  
due was treated in analogy to the experiments involving the reaction of ~-enones XIII, XIV, and XV with di- 
methylphosphorous acid [9]. 7-Ketophosphonates XVI-XVIII were obtained. 

C O N C L U S I O N S  

1. The reaction of 2,5-dibenzylidenecyclopentanone and 3,3-diphenyl-2-benzylidenehydrindone with t r i -  
methyl phosphite does not produce phosphoranes. The formation of phosphonates occurs in the presence of 
acetic acid and acetic anhydride. 
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P H E N Y L A L A N I N E  D E R I V A T I V E S  C O N T A I N I N G  A C Y L  GROUPS 

OF S T E R E O I S O M E R I C  N - [ T E T R A M E T H Y L D I A M I D O ( T H I O )  P H O S P H O R Y L ] -  

AND N- [D IMOR PH O L i D O ( T H  IO) PHOS PHOR Y L ] -  4 -A MINOC YC L O H E X A  N E -  

C A R B O X Y L I C  ACIDS 

L.  A.  P a t o t s k e n e ,  K.  I. K a r p a v i c h y u s ,  UDC 542.91:547.586.2:547.1'118 
and  I. L .  K n u n y a n t s  

Guided by the interest attaching to the antitumor activity of the nonalkylating tetraalkyldiamidophos- 
phoryl derivatives of cyclohexylamine, morpholine, and 4-aminocyclohexanecarboyxlic acid (ACHCA) [2], we 
have continued our earlier work on the biological properties of the stereoisomeric N-[diethyleneimido(thio}- 
phosphoryl]aminocyclohexylcarbonyl amino-acids [1] by synthesizing certain compounds containing tetramethyl- 
diamido(thio}phosphoryl and dimorpholido(thio)phosphoryl groups. 

Synthesis was carried out by using dicyclohexylcarbodiimide (DCHC) to condense N-phthaloyl-cis- and N- 
phthaloyl-trans-4-ACHCA with the ethyl ester of DL-phenylalanine. Each of these isomers reacted equally 
well under the conditions in question here. The protective N-phthaloyl groups in the N-phthaloyl-cis- and N- 
phthaloyl-trans-4-ACHC*-DL--phenylalanine ethyl esters were eliminated by treatment with hydrazine hydrate 
in CH2C12-alcohol solution at 40~ PMR studies showed that complete elimination, without byproduct forma- 
tion, could be attained in 15 h. The final reaction products, the stable salts of the ethyl esters of t rans-  and 
cis-4-ACHC-DL-phenylalanine with phthaloyl hydrazide, were broken down in alcoholic HC1 solution. These 
procedures gave good yields of the chlorohydrates and free bases of the ethyl esters of trails- and cis-4-ACHC- 
DL-phenylananine which could, in ~xtrn, be converted to the ethyl esters of N-dichloro(thio}phosphoryl-trans- 
and cis-4-ACHC-DL-phenylalanine by the method described in [1]. 

The ethyl esters of N-tetramethyldiamido(thio}phosphoryl-trans- and cis-4-ACHC-DL-phenylalanine (1), 
(I1), (IX), and (X) were obtained by reacting the dichlorohydrides with excess dimethylamine in solution in in- 
ert  solvents. The ethyl esters of N-dimorpholido(thio}phosphoryl-trans- and cis-4-ACHC-DL-phenylalanine, 
(HI), (IV}, (XI), and (XII), were obtained by condensing the ethyl esters of N-dichloro(thio}phosphoryl-trans- 
and cis-4-ACHC-DL-phenylalanine with morpholine in the presence of triethylamine. 

Hydrolysis of the ethyl esters (1)-(IV) and (X)-(XI1) by the theoretical amount of MeONa in aqueous solu- 
tion gave good yields of the sodium salts of N-tetramethyldiamido(thio)phosphoryl-trans-, N-dimorpholido- 
(thio}trans-, and cis-4-ACHC-DL-phenylalanine, (V)-(VII1) and (XIII)-(XV}, as stable, water-soluble compounds. 
The characteristics of these compounds are summarized in Tables 1 and 2. 

~-~CHC designates aminocyclohexylcarbonyl. 
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