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Recently it was shown by us that in the alkylation of the silver salt of trinitromethane (TNM) with 
primary alkyl halides the anion of TNM is alkylated simultaneously in both of the possible directions - by 
the schemes of both C- and O-alkylation [I], whereas secondary and tertiary alkyl halides give only the 
O-alkyl products [2]. As a continuation of our study of the dual reactivity of ambident polynitro carbanions 
we made a study of the alkylation of the Ag salts of some l,l-dinitroalkanes, and specifically of dinitro- 
methane (DNM) and dinitroethane (DNE), using alkyl halides. 

Only two papers are known where brief mention is made of the alkylation of the salts of l,l-dinitro- 
alkanes with alkyl halides [3, 4]. When the author of one of these papers [3] reacted the Ag salt of DNE 
with methyl iodide or ethyl iodide in the absence of a solvent he was able to isolate the C-alkylation product, 
namely, 2,2-dinitropropane, onlyin the case of CH31; the principal reaction products were ethylnitrolic acid 
and the corresponding aldehyde (formaldehyde or acetaldehyde), formed as the result of the decomposition 
of the O-alkyl esters of DRrE. In [4] it was mentioned that the Ag salt of DNWI reacts with methyl iodide or 
ethyl iodide (also in the absence of a solvent) to give the C-alkyl derivatives - the l,l-dinitroalkanes; the 
O-alkylation products were not identified, although it was mentioned that unstable oily substances were 
formed. 

In the'present paper we made a detailed study of the reaction of the Ag salts of DNI~I and DNE with 
alkyl halides of variable structure for the purpose of detecting both possible directions of the reaction, 
i.e., both C- and O-alkylation. 

When the Ag salt of DNM is alkylated with primary alkyl iodides, and specifically with methyl iodide 
and ethyl iodide (in benzene, 1,2-dimethoxyethane (DME), and also without a solvent - in excess alkyl 
halide), there  s imul taneously  occurs  both C-alkylat ion (with the format ion of 1,1-dini troethane and 1,1- 
dini t ropropane,  respect ively)  and O-alkylat ion of the ambident DNM anion. In o rde r  to fix the O-alkyI 
e s t e r s  of DNM (I) we employed the 1,3-dipolar  cycloaddition reac t ion  with s tyrene  [5]. It is known that 
the (I) compounds with s tyrene  give 3-n i t ro-5-phenyl i soxazol ine  (II), in which connection, as is assumed 
by the authors  of [5], the reac t ion  goes through the in termedia te  format ion of the N-a lkoxy-3 -n i t ro -5 -  
phenylisoxazolidine (III), which then, via the cleavage of a molecule  of the cor responding  alcohol, is con-  
ver ted  to (11). P roduc t  (II) was actually isolated by us f rom the reac t ion  mixture .  In addition, the O - e s t e r s  
were  identified via one of thei r  decomposi t ion products ,  namely,  methylni t rol ic  acid (IV). 

The yield of the C-alkylat ion product  in the reac t ion  of the Ag sal t  of DNM with CH3I is: in DME 25%, 
in benzene 34%, and in the absence of a solvent (more  accurate ly ,  in excess  CH31) 50%. When the Ag sal t  
of DNM is alkylated with ethyl. iodide the yield of the C-alkylat ion product ,  namely,  1 ,1-dini t ropropane,  is: 
9% in DME and 15% in excess  C2115I. It should be mentioned that varying the ra t ios  of the Ag sal t  of DRWI 
and alkyl iodide ( f rom 1 : 1 to 1 : 4) is p rac t ica l ly  without effect  on the yield of the C-alkylat ion products .  
On the example of i-C3HTI and t-C4HgC1 it was shown that the react ion of the Ag salt  of DNrM with secondary  
and t e r t i a r y  alkyl halides p roceeds  exclusively by the O-alkylat ion scheme.  In these exper iments  the 
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O - e s t e r s  of DNM were  fixed as the adducts with s tyrene ,  in which connection, if the (ID adduet was isolated 
in the case  of i-C3HTI , then N- ( t e r t -bu toxy) -3 -n i t ro -5 -pheny l i soxazo l id ine  (Vb) was obtained when t-C4HgC1 
was used  as the alkylat ing agent.  Consequently,  when the te r t -buty loxy  grouping is at tached to the ni t rogen 
a tom of the isoxazol idine r ing  the c leavage of a molecule  of alcohol f r o m  the cycloaddit ion product  (Vb), as 
took p lace  in the case  of the other  O - e s t e r s ,  fai ls  to occur .  When t rea ted  with gaseous  NH 3 (in ether) ,  (Vb) 
is conver ted  quanti tat ively to (II). 
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When the Ag sal t  of DNE is aikylated with alkyl hal ides  the s ame  ru les  hold as in the case  of the Ag 
sa l t  of DNM. Thus,  p r i m a r y  alkyl hal ides ,  l ike methyl  and ethyl iodides,  give both the C-  and O-alkyl  d e r i -  
va t ives .  When the reac t ion  is run  in DME the yield of 2 ,2-dini t ropropane is 9.3%, while that of 2 ,2-d in i t ro-  
butane is even l ess ,  namely ,  2-3%; 2 ,2-d in i t ropropane  is fo rmed  in 13% yield when CH3I is used as the so lv -  
ent and reagen t .  As can be seen,  the yield of the C-a lkyla t ion  products  is essent ia l ly  lower  than in the case  
of the Ag sa l t  of DNM. Secondary (i-C3HTI} and t e r t i a ry  (t-C4HgC1) alkyl hal ides r eac t  with the Ag sa l t  of 
DNE only by the O-alkyla t ion  s chem e .  Due to the ex t r eme  instabi l i ty  of the O-alkyl  e s t e r s  of DINE [6], they 
were  not taken for  the 1 ,3-cycloaddi t ion react ion,  for  which r e a s o n  the i r  fo rmat ion  in the reac t ion  mix tu re  
during the alkylat ion of the Ag sal t  of DNE was judged on the bas i s  of their  decomposi t ion  product ,  namely,  
e thylni t rol ic  acid (VI). 

R i c H ,  CHa; R~=H 
T ~ RICH~C (NO~)~ CH~ 

CHiC (N O~)~:Ag* + RI~cHX-- I' 0 
! 
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Ethylni t rol ic  acid was not found in the reac t ion  products  of the Ag sal t  of DINE with t-C4HgC1. F r o m  
the reac t ion  mik tu re  was i so la ted  the O- t e r t -bu ty l  e s t e r  of e thylni t rol ic  acid, CH3C(NO 2) = NOC(CH3) 3 (VII), 
the fo rma t ion  of which can apparent ly  be explained by the loss  of the oxygen of the N-oxide a tom by the O-  
e s t e r  (analogous to the theory advanced by us recen t ly  to explain the fo rmat ion  of the aceta te  and benzoate  
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of ethylni t rol ic  acid f r o m  the cor responding  O-aey l  de r iva t ives  of DNE [7]). The s t ruc tu re  of (VII) was 
conf i rmed  by alkaline hydro lys i s  of ethylni trol ic  acid (VI). It is known [8] that the e s t e r s  of e thylni t rol ic  
acid when t rea ted  with aqueous and alcoholic solutions of alkMies a re  conver ted  to the sa l t s  of e thylni t rol ic  
acid.  

It should be mentioned that in all  of the studied reac t ions  (with the exception of the reac t ion  of the Ag 
sal t  of DNM with CH3I ) the cor responding  dini t roalkanes ,  namely ,  DNM and DNE, were  detected.  In the 
expe r imen t s  us ing t-C4HgC1 the i r  fo rma t ion  could be caused by the decomposi t ion  of the cor responding  O- 
alkyl e s t e r s .  

S T 
RC (NO2)~Ag + -t- (CH3)3 CO1 -, R =N | ~ RCH (NO~)~ -t- (CHs)~ C=CHe 

\ J k NO~ OC(CHs)3 

Apparent ly,  pa r t i a l  dehydrohalogenat ion of the alkyl hal ides  (leading to a d i sp lacement  of the d in i t ro -  
a lkanes  f r o m  the i r  Ag salts)  occurs  in the o ther  ca ses ,  although this route  is not the sole one poss ib le .  It 
a lso cannot be excluded that in the case  of t-C4H9C1 the d in i t roalkanes  a re  fo rmed only v ia  decomposi t ion  
of the O-alkyl  e s t e r s ,  but also due to pa r t i a l  dehydrohalogenat ion.  

A c o m p a r i s o n  of the data, obtained in the alkylat ion of the Ag sa l t s  of 1 ,1-din i t roa lkanes ,  on the one 
hand, and the Ag sa l t  of TNM [1, 2], on the other  hand, makes  it poss ib le  to fo rmula te  a definite ru le .  In 
the s e r i e s  TNM, DNM, and DRrE a substant ia l  reduct ion in the amount of C-a lkyla t ion  is obse rved  when the 
Ag sa l t s  of po lyni t roa lkanes  a r e  r eac ted  with p r i m a r y  alkyl hal ides;  for  example ,  in the r eac t ion  with CH3I 
(in the s a m e  medium,  namely ,  DME, at 20-25 ~ the yields  of the C-a lkyla t ion  products  in the ment ioned 
s e r i e s  a re  r e s p e c t i v e l y  85, 25, and 9%; the s ame  rule  is also obse rved  for  ethyl iodide. This  sugges ts  that 
the c h a r a c t e r  of the polyni t ro  ca rban ion  exe r t s  an impor tan t  effect  on the ra t io  of the C-  and O-a lkyla t ion  
produc ts .  

It should be mentioned that  although the reac t ion  of the Ag sa l t s  of the gem-d in i t roa lkanes  with CH3I 
in DME was run in suspension,  while the reac t ion  of the Ag sal t  of TNM was run in solution, this does 
change the obse rved  ru le .  Thus, we found that when the reac t ion  of the Ag sa l t s  of po lyni t roa lkanes  with 
CH3I is run  in DME solution* (with c lose  init ial  concentra t ions  of the Ag salts) the yields  of the C - a l k y l a -  
tion p roduc t s  a re  p rac t i ca l l y  the s a m e  as those given above: in the case  of the Ag sa l t  of TNM the yield of 
the C-a lkyl  de r iva t ive  is  83.5%, and in the case  of the Ag sal t  of DNM it is 28% (de termined spec t ropho to-  
met r ica l ly~) .  It is  n e c e s s a r y  to emphas ize  that in all  th ree  cases  the reac t ing  pa r t i c l e  is the anion (e i ther  
nf ree"  or  bound in an ionic pair)  of the cor responding  polyni t roalkane,  and not the covalent ly  built  Ag d e r i -  
va t ive .  $ Actually, although an equi l ibr ium does exis t  between the ionic and organometa l l i c  f o r m s  in the 
solutions of all three  Ag sa l t s  in D1KE, as is  evidenced by the low value of the m o l a r  extinction coeff icients  
(e) in the absorp t ion  m a x i m a  (6300 for  the Ag sal t  of TN1VI, 5100 for  the Ag sal t  of DNM, and 1200 for  the 
Ag sa l t  of DNE), s t i l l  comple te  ionizat ion of the Ag sa l t s  occurs  when CH3I is  added, as is  evidenced by the 
exceedingly rapid  i nc r ea s e  in e up to the following values:  14,500 for  TNM, 20,100 fo r  DNM, and 16,500 
for  DNE, which values  a r e  c h a r a c t e r i s t i c  for  the anions of these polyni t roa lkanes .  The ionizat ion of the 
Ag de r iva t ives  under  the influence of CH3I is evidently caused by the g rea t  tendency of alkyl iodides to 
f o r m  complexes  with the Ag ion (see,  for  example ,  [10]). 

When going f r o m  p r i m a r y  to secondary  and t e r t i a ry  alkyl hal ides ,  an i nc r ea se  in the amount of O-  
alkylat ion of the Ag sa l t s  of  1 ,1-din i t roa lkanes ,  the s ame  as in the case  of the Ag sa l t  of TNM [1, 2], is 
explained by the fact  that in the s e r i e s  of hal ide der iva t ives :  CH3X < RCH2X < R1R2CHX < R1R2R3CX , the 
ca rbonium c h a r a c t e r  of the t rans i t ion  s ta te  of the allcylation reac t ion  i n c r e a s e s  in the p r e s e n c e  of s i l v e r  
ions, which, in h a r m o n y  with c o n t e m p o r a r y  concepts  [11, 12], should i nc rea se  the probabi l i ty  of alkylating 
ambident  polyni t ro  carbanions  at the oxygen a tom of the ni t ro  group.  

tn p r inc ip le ,  the obtained r e su l t s  can a lso  be explained by the fact  that due to the p r e s e n c e  of con-  
s iderab le  s t e r i c  hindrance in the case  of s econda ry  and t e r t i a ry  alkyl hal ides  the alkyiat ion of the po lyn i t ro -  
alkyl anion at  the ca rbon  a tom is g rea t ly  hindered.  However ,  this assumpt ion  is l e s s  probable ,  s ince in 

*The solubil i ty of the Ag sa l t s  of DNM and DNE in DME is low(0.15 and 0.1 g / l i t e r ,  r espec t ive ly) ,  for  which 
r e a s o n  the reac t ion  was run  in v e r y  dilute solutions (at 20~ 

F o r  the spec t ropho tomet r i c  de te rmina t ion  of 1 ,1 ,1- t r in i t roe thane  the l a t t e r  was conver ted  to the DI~rE 
anion by t r e a t m e n t  with alkal ine H202. 
$ The exis tence  in solut ions of covalent ly  built  Ag de r iva t ives  of polyni t roa lkanes  was shown in [9]. 
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the p r e sen t  p a p e r  it was spec ia l ly  shown by us that benzyl  b romide  and p-n i t robenzyl  b romide ,  where  the 
smrte s t e r i c  conditions exis t  at the reac t ion  center ,  but where the tendency to mani fes t  a carbonium cha r -  
a c t e r  in the t rans i t ion  s ta te  is  d i f ferent  [11], when reac ted  with the Ag sal t  of TNM* (under the s ame  con-  
ditions - in e ther ,  at 20~ give comple te ly  different  amounts of the C-alkylat ion products .  Thus, the 
yield of the C-alkyl  de r iva t ive  in the case  of p-NO2C6H4CH2Br is approx imate ly  40% [15], whereas  in the 
reac t ion  with C6HsCH2Br it does not exceed 1%. Consequently,  the amount of C-a lkyla t ion  drops  rapidly 
with i nc r ea se  in the tendency to mani fes t  a ca rbonium c h a r a c t e r  in the t rans i t ion s ta te .  

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

The Ag sal t  of DNM was obtained as desc r ibed  in [4], while the Ag sa l t  of DNE was obtained as 
desc r ibed  in [16]. 

React ion of Ag Salt of DNM with CH3I. To a suspension of 8.5 g of the Ag sal t  of DNM in 50 ml  of 
dimethoxyethane (DME) was adde d 6.25 g of s ty rene ,  and then, with s t i r r ing ,  11.4 g of CH3I was added. 
The mix tu re  was s t i r r e d  at 20-25 ~ for  5 h and then allowed to stand overnight .  In this,  and in all  of the 
subsequent  expe r imen t s ,  the reac t ion  mix tu re  was allowed to stand in o rde r  to complete  the cycloaddit ion 
reac t ion .  The p rec ip i t a te  of AgI was sepa ra t ed  (weight 9.4 g, i . e . ,  the theore t ica l  amount),  and the f i l -  
t r a t e  was diluted with 300 ml  of 1% NaC1 solution and ex t rac ted  with e ther  (2 • 100 ml).  The e the r  ex t rac t s  
were  washed with wa te r  (2 • ml),  dr ied  over  MgSO4, and then sa tu ra ted  with gaseous  NH 3. The obtained 
ammonium sa l t  of DNE was s epa ra t ed  (the f i l t ra te  was kept) and washed with e ther  (weight 1.5 g). T r e a t -  
ment  of a suspens ion of this sa l t  in 30 ml  of water  and 150 ml  of e ther  with 10% H2SO 4 solution gave the 
f r ee  1 ,1-dini t roethane;  yield 1.2 g (25%); bp 54-55 ~ (4 ram); n~ 1.4348. F r o m  [17]: bp 55.5-56 ~ (4.5 ram); 

20 
nD 1.4346. 

The e ther  f i l t r a te  (af ter  separa t ion  of the NH 4 sa l t  of DNE) was washed with 5% Na2CO ~ solution until 
the soda ex t r ac t s  r ema ined  co lo r l e s s  (4-5 t imes  with 30-ml  port ions) ,  then with water ,  and dr ied  over  
MgSO 4. F r o m  the oil, r ema in ing  a f t e r  r em ova l  (under reduced p r e s s u r e )  of the e ther  and excess  s tyrene ,  
by p r e p a r a t i v e  TLC on acid A1203 (pH 4, III activity) $ was isolated (using benzene as the eluant) 0.8 g of 
3 -n i t ro -5-pheny l i soxazo l ine ;  yield 10.4% when based  on the Ag sa l t  of DNM; mp 64-65 ~ ( f rom CC14). F r o m  
[5]: mp 64.5-65.5 ~ The mixed mel t ing  point with an authentic sample  [5] was not dep res sed ;  the identity of 
the compounds was a lso  conf i rmed  by means  of the IR spec t r a  and TLC.  

In an analogous expe r imen t  (but omit t ing the s tyrene) ,  a f te r  separa t ing  the AgI, the f i l t ra te  under  
cooling (0 ~ was sa tu ra ted  with gaseous  NtI 3 (here the NH 4 sal t  of DNE r ema ins  in solution). The obtained 
red  sal t  was separa ted ,  washed with CHC13 and then with ether ,  d issolved in CH3OH , and to the obtained 
solution was added a solution of KI in CH3OH. We obtained 0.1 g of the po t a s s ium sa l t  of methyln i t ro l ie  
acid. Found: K 29.8; 30.2%. CHO3N2K. Calculated:  K 30.5%. 

When the reac t ion  of the Ag sa l t  of DNNI (8.5 g) with CH3I (11.4 g) was r~m in benzene (the mix tu re  
was s t i r r e d  at 25 ~ for  8 h and then allowed to stand at 20~ for  3 days),  in the p r e s e n c e  of s tyrene ,  we 
obtained 1.65 g (34.4%) of DNE and 0.8 g (10.4%) of (II). 

When the s a m e  reac t ion  was run without a solvent  (in excess  CH3I - using 20 ml  of CH3I p e r  0.02 
mole  of the Ag sal t  of DNM) for  30 min  (20 ~ the yield of DNE was 50%. 

React ion of the Ag Salt of DNM with Ethyl Iodide. To a suspens ion of 8.5 g of the Ag sa l t  of DNM in 
50 ml-o-f DME were  added 6.25 g of s ty rene  and 25 g of C2HsI. The mix ture  was s t i r r e d  at 20-25 ~ for  8 h 
and then allowed to stand for  3 days .  The p rec ip i t a te  of AgI was separa ted  (weight 9.35 g, or  99.5% of 
theory),  while the f i l t ra te  was worked up in the s ame  manne r  as in the p reced ing  exper iment .  We obtained 
0.5 g (9.3%) of 1 ,1-d in i t ropropane;  bp 69-70 ~ (3 ram); 1.4335 ( f rom [18]: bp 67-68 ~ (2.5 ram); 1.4321), 
and 0.9 g (11.7%) of 3 -n i t ro -5 -pheny l i soxazo l ine  (II). 

When the same  reac t ion  was run without a solvent  (in excess  CzH51 - using 26 m l  of CzHsI p e r  0.02 
mole  of the Ag sa l t  of DNM) for  1.5 h (20-23 ~ the yield of 1 ,1-din i t ropropane  was 14.9%. 

*Of all of the anions studied by us, the TNM anion is s t e r i ca l ly  l eas t  favorable  for  C-alkylat ion:  on the 
bas i s  of pure ly  s t e r i c  cons idera t ions  the TNM anion should be nonplanar,  which is c o r r o b o r a t e d  by the 
data  of x - r a y  s t r u c t u r e  analys is  [13], whereas  the anions of the gem-din i t ro  compounds a re  p rac t i ca l ly  
p lana r  [14]. 
t T h e  quantitat ive prec ip i ta t ion  of AgBr was obse rved  in both cases .  
$The s ize  of the pla te  was 20 • 25 cm,  and the l aye r  th ickness  was 1 ram; the c h r o m a t o g r a m  was developed 

in UV light.  
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Reaction of the Ag Salt of DNM with Isopropyl Iodide. To a suspension of 8.5 g of the Ag salt of DF~I 

in 50 ml of DME was added 6.25 g of styrene, and then, with stirring and cooling (0~ was added 18.6 g 

(8 ml) of i-C3HTI in drops. The mixture was stirred at 0-5 ~ for 5 h and then allowed to stand at the same 

temperature for 3 days. The precipitate of Agl was separated (weight 9.2 g, or 98% of theory), while the 
filtrate was poured with stirring into a mixture of 200 ml of ether and 300 ml of ice water, and the ether 
layer was separated immediately and dried over MgSO 4. The passage of gaseous NH 3 into the ether solu- 
tion gave 0.7 g of the NH 4 salt of DNIVI (identified by conversion to the potassium salt. Found: K 27.0; 27.1%. 
CHO4N2K. Calculated: K 27.2%). 

From the filtrate (after separation of the NH 4 salt of DRWI) by the above-described rnethod (see the 
experiment with CH31 ) was isolated 1.2 g (15.6%) of 3-nitro-5-phenylisoxazoline (If). 

Reaction of the Ag Salt of DhrM with Tert-Butyl Chloride. To a suspension of 8.5 g of the Ag salt of 
DNM in 50 ml of DME was added 6.25 g of styrene, and then, with stirring and cooling (0~ was added 7.4 
g of t-C~HgCI in drops. The mixture was stirred at 0-5 ~ for 6 h, and then allowed to stand at the same tem- 
perature for 2 days. The precipitate of AgCI was separated (weight 5.6 g, or 97.5% of theory). In the fil- 
trate by means of GLC was detected DNM. Then the reaction mixture was worked up in the same manner 
as in the preceding experiment to give 0.4 g of the NI-I 4 salt of DNM. The ether filtrate (after separation 
of the NH 4 salt) was washed with 5% Na2CO 3 solution (4 • 30 ml), then with water, and dried over IV[gSO4. 
After removal of the ether and excess styrene under reduced pressure the residue was stirred with a small 

amount of chilled (-10 ~ pentane, and the obtained colorless crystals were separated. We obtained3.5 g (33%, 
when based on the Ag salt of DNM) of N-(tert-butoxy)-3-nitro-5-phenylisoxazolidine (Vb) with nap 91-92 ~ 

(from n-pentane). Found: C 58.39; 58.40; H 6.68; 6.67; N 10.74; 10.63%; tool. wt. 264 (in benzene). CI3HI8 
~ 2. Calculated: C 58.63; H 6.81; N 10.52%; tool. wt. 266. 

1370 
Infrared spectrum: 1375 ' 1575, cm -1 (dinitromethylene grouping); 1015 cm -1 (O - N -  O f r a ~ e n t  in 

N-alkoxyisoxazolidines [19]). 

The passage  of gaseous NH 3 (20 ~ 30 rain) into an ether  solution of (Vb) and subsequent evaporation of 
the ether  gave (II) in quantitative yield, mp 64-65 ~ (from CC14). The identity of the compound with an authen- 
tic specimen [5] was proved by the mixed melting point and by TLC. 

React ion of the Ag Salt of DNE with Methyl Iodide. With s t i r r ing,  to a suspension of 9.1 g of the Ag 
salt  of DNE in 50 ml of DME was added 11.4 g of CH3I , keeping the tempera ture  below 25 ~ The mixture 
was s t i r red  at 20-25 ~ for 8 h, af ter  which the precipi ta te  of AgI was separated (weight 9.2 g, or  98% of 
theory). In the fi l trate by means of GLC were detected 2,2-dinitropropane and DNE. The fi l trate was 
evaporated in vacuo (not exceeding 30~ while the residue was diluted with ether  (150 ml) and washed with 
cold 2% NaOH solution (5 • ml), * then with water,  and dried over  MgSO 4. After distilling off the solvent 
we obtained 0.5 g (9.3%) of 2,2-dinitropropane with mp 53-54 ~ (from hexane). F r o m  [20]: mp 53 ~ The 
mixed melting point with an authentic specimen was not depressed;  the identity of the compounds was also 
proved by GLC. 

The alkaline extracts  (see above) were s t i r r ed  with 150 ml of ether  and then, with s t i r r ing  and cooling 
(0-5~ were acidified with 10% H2SO 4 solution. The ether layer  was separated,  while the aqueous layer  was 
extracted with an additional 100 ml of ether.  The ether extracts  were dried over  MgSO4, and the e ther  was 
removed under reduced p r e s s u r e .  The residual  oil was repeatedly extracted with warm (30 ~ hexane (the 
hexane ext rac ts  were saved). The residue represented  0.25 g (6%, when based on the Ag salt  of DNE) of 
ethylnitrolic acid (VI), mp 86-87 ~ F r o m  [21]: mp 87-88 ~ The mixed melting point with an authentic 
specimen was not depressed .  The identity of the compounds was also proved by TLC. 

The hexane extracts  (see above) were evaporated, while the residue was treated (under cooling) with 
alcoholic KOH solution. We obtained 1.7 g (27%, when based on the Ag salt  of DNE) of the potass ium salt 
of DNE. Found: K 24.6; 24.5%. C2H304N2K. Calculated: K 24.7%. 

When the same reaction was run without a solvent (in excess CH31 - using 25 ml of CH31 per 0.02 mole 
of the Ag salt of DNE) for 2 h (0 ~ the yield of 2,2-dinitropropane was 13%. 

Reaction of the Ag Salt of DNE with Ethyl Iodide. With stirring, to a suspension of 9.1 g of the Ag 

salt of DNE in 50 rnl of DME was added 12.5 g of C2HsI , keeping the temperature below 25 ~ The mixture 

�9 The alkaline extracts were kept. 
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was s t i r r ed  at 23-25 ~ for  8 h and then allowed to stand at room t e m p e r a t u r e  overnight.  The p rec ip i t a te  of 
AgI was sepa ra ted  (weight 9.4 g, i . e . ,  the theore t ica l  amount).  In the f i l t ra te  by means  of GLC were  de-  
tected 2,2-dini t robutane and D N E .  Then the reac t ion  mix tu re  was worked up the s a m e  as in the preceding  
exper iment .  We obtained 2,2-dini t robutane (yield 2-3%, es t imated  by means  of GLC*), ethylni trol ic  acid 
(VI) (yield 0.1 g, or  2.4%) and DNE (isolated as the K salt ;  yield 36%). 

React ion of the Ag Salt of DNE with I sopropyl  Iodide. To a suspension of 9.1 g of the Ag sa l t  of DNE 
in 50 ml  of  DME, with cooling (0 ~ and s t i r r ing ,  was added 18.6 g (8 ml) of i-C3HTI. The mix tu re  was 
s t i r r e d  at 0-5 ~ for  3 h, the p rec ip i t a te  of AgI was sepa ra ted  (weight 9.3 g, o r  99% of theory),  and the f i l -  
t ra te  was worked up in the s ame  manner  as desc r ibed  above.  We obtained 2.2 g (53%, when based  on the 
Ag sa l t  of DNE) of (VI) and 0.1 g (1.6% of the K sal t  of DNE. 

React ion of the Ag Satt of DNE with Te r t -Bu ty l  Chloride.  To a suspens ion of 16.0 g of the Ag sal t  
of DNE in 80 ml  of DME, with cooling (0 ~ and s t i r r ing ,  was added 13.0 g of t-C4H9C1. The mix ture  was 
s t i r r e d  at 0 ~ for  2 h and at  20 ~ for  3 h, a f t e r  which the prec ip i ta te  of AgC1 was sepa ra t ed  (weight 9.9 g, or  
99% of theory) .  The f i l t ra te  was evapora ted  in vacuo (not exceeding 20~ and the res idue  was immedia te ly  
diluted with 150 ml  of e the r  and washed with 1% NaOH solution (6 • 30 roll ') ,  then with water ,  and dried 
over  MgSO 4. The e the r  was r emoved  under  reduced p r e s s u r e ,  while the f lask with the res idual  liquid was 
p laced in a wa te r  bath  (15-20~ After  some t ime the evolution of ni t rogen oxides began, which was a c c o m -  
panied by warming  up of the mix ture .  When the gas evolution had ceased,  the liquid was blown with d ry  
a i r  and then dis t i l led.  We obtained 2.0 g (19.6%, when based  on the Ag sat t  of DNE) of the O - t e r t - b u t y l  
e s t e r  of e thylni t rol ie  acid (VII) with bp 43-45 ~ (1 ram); n~  1.4476. Judging by the data of GLC and TLC, 
the compound is devoid of impur i t i e s .  Found: C 44.74; 44.82; H 7.57; 7.46; N 17.94; 17.69%; ml .  wt. 164 
(in benzene).  C~Hi203N 2. Calculated:  C 44.99; H 7.55; N 17.49%; moI.  wt. 160. In f r a red  spec t rum:  1342, 
1549 cm -~ (NO 2 group); 1603 cm -1 (C = N); 1040 cm - t  ( N - O ) .  

Ethylni trol ic  acid (VI) was isola ted when the compound was dissolved in sa tu ra ted  alcoholic KOH solu-  
tion and subsequent  acidif icat ion.  

C O N C L U S I O N S  

1. The alkylat ion of the Ag sa l t s  of 1 ,1-dini t roalkanes  (dini t romethane and dinitroethane) with p r i m a r y  
alkyl iodides p roceeds  s imul taneous ly  in two di rec t ions  - by both the C-  and O-alkylat ion s chemes .  Sec-  
ondary and t e r t i a r y  alkyl hal ides  give only the O-alkyl  de r iva t ives .  

2. In the p r e s e n c e  of s i lve r  ions the t r in i t romethane  anion is m o r e  inclined toward C-a lkyla t ion  by 
p r i m a r y  alkyl hal ides  than a r e  the anions of gem-d in i t roa lkanes .  

*The 
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