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A sys temat i c  study of the t h e r m o c h e m i s t r y  of dialkylfuroxans has not been made up to now. Only one 
communicat ion exis ts  in the l i t e ra tu re  on a study of the the rmochemica l  cha rac t e r i s t i c s  of d imethy l fu r -  
oxan [1]. The pr incipal  r e a s on  for  the absence of informat ion  on the p rope r t i e s  of the dialkylfuroxans is the 
complexi ty  of obtaining highly pure products  when using the known methods for  thei r  p repara t ion .  

The mos t  convenient method for the synthesis  of the dialkylfuroxans is based on the reac t ion  of gly-  
oximes ,  which a r e  obtained f rom the corresponding diketones,  with ni t rogen te t roxide [2,3].  Still another  
method for  the prepara t ion  of the dialkylfuroxans is based  on the reac t ion  of dialkyldini t roethylenes R-C(NO2) 
= C(NO2)-R with sodium azide [4, 5]. Both the diketones and the dialkyldini troethylenes a re  obtained mainly  
as  difficultly separab le  mix tu res  during the ni t ra t ion of d ia lkylacetylenes .  The separa t ion  of the reac t ion  
products  and the i r  purif icat ion a r e  complicated and hazardous .  This is r e spons ib le  for  the unsuitabil i ty of 
the desc r ibed  methods for the p repa ra t ion  of substant ia l  amounts  of the dia lkylfuroxans.  

The mos t  p romis ing  method for the p repa ra t ion  of the dialkylfuroxans is based on the n i t rosa t ion  of 
ke tones ,  for  example ,  with alkyl n i t r i tes  [6]: 
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Then the i soni t roso  ketones a re  reac ted  with hydroxylamine in methanol medium and the obtained 

dia lkylglyoximes R--C--C--R'  a r e  converted to the dialkylfuroxans by reac t ion  with ni t rogen te t roxide.  This 
II II 

NOH N0H 
method was adopted in the p resen t  paper  to synthesize  the dia lkylfuroxans .  As models  for  the study we took 

ketones with the genera l  fo rmula  R--E--CH~--R' . The constants of the synthesized dialkylfuroxans a r e  given 
II 
0 

in Table 1. The s t ruc tu re  of the obtained compounds was conf i rmed by IR spec t roscopy .  A dis t inct ive f ea -  
ture  of the proposed method is the good yield of the products  at each s tep,  and a lso  their  high degree  of 
puri ty .  

F o r  compounds (I)-(III) and (VI) we exper imenta l ly  m e a s u r e d  the heats  of combustion (&H~ and 
calculated the enthalpies (AH~ of format ion  (Table 2). The found combust ion heats  a r e  in good ag reemen t  
with the calculated values ,  which were  obtained by  adding the cor responding  number  of t e r m s  per  CH 2 group 
to I-l~ = -592.0 kca l /M for dimethylfuroxan [1]. The contribution per  CH 2 group was taken equal to 
-156.3  kca l /M for  the s t ra igh t -cha in  a lkanes .  As a resu l t ,  it was poss ib le  to r e l i ab ly  calculate  the heats  
of combust ion and the enthalpies of fo rmat ion  for any of the dia lkylfuroxans.  

EXPERIMENTAL METHOD 

Synthesis of Isonitroso Ketones (Generalmethod). The ketone taken for nitrosation was placed in a 
Drexel flask, a small amount of HCI was added, and either ethyl nitrite or methyl nitrite was bubbled in 
on the basis of i.I M of nitrite per mole of ketone. The reaetion mixture was kept at 30-40 ~ for 6 h, neu- 
tralized with aqueous ammonia solution, and filtered. The filtrate was washed with water, dried over MgSO 4 
and vacuum-distilled. The constants of the obtained isonitroso ketones are given in Table 3. 
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TABLE 2. Thermochemical Characteristics of Dialkylfur- 
oxans 

Compound 

0 
AHcomb. kcal/M 

experiment calculated 
AH~, kcal/M 

(I) C2HsC~N202CaH~ (l) 
(II)  CaHTC2N~O~C4H 0 (l) 
(Ill) CHaC2N~0~CaH ~ (l) 
(IV) CH3C~N~0~CaH a (l) 
(V) CHaC2N~02CsH n (1) 
(VI) CH3C2N~O~CeHls (l) 
(VII) CHaC~N~O2C~Ht~ (l) 

t060,8• 
t374,3• 
904,8• 

t373,7+_0,7 

1060,9 
t373,5 
904,6 

1060,9 
t2i7,2 
t373,5 
i529,8 

--7,5• 
--t8,7• 
--i,1+0,6 
--7,4 * 
--t3,4 * 
--19,7• 
--25,6 * 

* Calculated values, 

Syn thes i s  of Dia lky!g lyoximes  ( G e n e r a l m e t h o d ) .  Hydroxy-  
l a m i n e  hydroch lor ide  (1.1 M) was d i s so lved  in me thano l  and conc.  
KOH (1.1 M) so lu t ion  was added. The  KC1 p r e c i p i t a t e  was f i l t e r ed  
rap id ly ,  and 1 M of the i s o n i t r o s o  ketone was added to the f i l -  
t r a t e .  The r e a c t i o n  m i x t u r e  was kept  at 30 ~ for 7 h, and then it 
was  cooled to - 1 0  ~ The  obta ined  c r y s t a l s  of the g lyox ime  were  
f i l t e r ed ,  d r i ed  in  vacuo ,  and r e c r y s t a l l i z e d  f r o m  aqueous  e thanol .  
The m e l t i n g  poin ts  of the obtained g lyoximes  a r e  given in Table  
4.  

S yn t he s i s  of D ia lky l fu roxans .  We wil l  d i s c u s s  the p r e p a r -  
a t ion  of the d i a lky l fu roxans  on the example  of p ropy lbu ty l fu roxan  
(II). Compounds (I) and (III)-(VII) we re  obta ined in a s i m i l a r  m a n -  
n e r .  

With v igo rous  s t i r r i n g ,  to a s u s p e n s i o n  of 75 g of p ropy l -  
bu ty lg lyox ime  in 600 m l  of CHCI 3 at 0 ~ was added 25.6 ml  of n i -  
t r o g e n  t e t rox ide .  The  m i x t u r e  was s t i r r e d  at 0 ~ for 6 h, poured  
in to  500 m l  of wa te r ,  washed with 3~c u r e a  so lu t ion  (3 • 200 ml) ,  
then  with wa te r ,  and d r i e d  over  MgSO 4. Af t e r  r e m o v a l  of the 
so lven t  the r e s i d u e  was v a c u u m - d i s t i l l e d .  We obtained 69 g (93% 
of p ropy lbu ty l fu r  oxan. 

T h e r m o c h e m i c a l  E x p e r i m e n t .  The combus t ion  hea ts  of the 
d i a lky i fu roxans  w e r e  d e t e r m i n e d  in  the c a l o r i m e t r i c  se tup  de -  
s c r i b e d  in [7], with a heat  va lue  of 350.43 ~= 0.11 ca l / deg ,  which 
was d e t e r m i n e d  by the combus t ion  of s t anda rd  benzo ic  acid with 
a combus t ion  heat  of 6318.1 ca l / g .  The compound was placed in 
a p l a t i num c ruc ib l e  and igni ted  by a pu lse  c u r r e n t  u s i ng  a copper  
w i r e  that was i m m e r s e d  in  the l iquid  s a mp l e .  The  d i a lky l fu rox -  
ans  b u r n  poor ly  unde r  n o r m a l  condi t ions  (the 0 2 p r e s s u r e  in the 

TABLE 3. I s o n i t r o s o  Ketone Cons tan t s  R--C--C--R' 

0 NOH 

1~ t~' Bp , *C (p, mm 20 
of Hg) Mp ,~ n D 

C~H5 
C8H7 
CHs 
CH~ 
CH8 
CH s 
CH3 

CaN 7 
C4H9 
C3H7 
C4H9 
CsHn 
C6H1~ 
C~H15 

80-8t (3) 
98-99 (i) 
73--74 (t) 
86-87 (1) 
i04-105 (2) 
124--125 (2) 

45,5--46 
57--58 

51--52 

i,4608 
i,4624 

i],4502 
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TABLE 4. Heats  of Combustion of Dialkylfuroxans 

m ,g  mb, g I aT, ~ I qwim, cal[qHNO3, Callqwize, cal 

0,100tt 
.0,09938 
9,10216 
~0,t00t6 
0,t0133 

,0,09860 
,0,09992 
0,10038 
0,09950 
0,i0026 

'0,09187 
0,09661 
0,10023 
0,10124 
0,i0t46 

0,03942 
0,03982 
0,03901 
0,04017 
0,040t3 

0,03671 
0,03661 
0,03762 
0,03779 
0,03913 

0,06282 
0,05053 
0,04988 
0,05077 
0,05059 

0,10226 [ 0,02592 
0,10637 0,02628 
0,10049 0,02592 
0,i0628 0,02594 
0,10103 0,02664 

Ethylpropylfuroxan(I) 
2,689 [ 94t,95 2,35 
2,678 I 938,45 2,07 
2,720 953,i7 2,26 
2,709 949,31 2,49 
2,725 954,92 2,62 

Propylbutylfuroxan (II) 
2,795 979,28 2,21 
2,823 989,26 t,93 
2,851 999,07 2,21 
2,835 993,47 2,62 
2,876 1007,84 2,21 

Methylpropylfuroxan (Ill) 
2,838 [ 994,52 1,93 
2,700 I 946,16 2,07 
2,762 967,89 2,35 
2,793 978,75 2,65 
2,791 978,05 2,62 

Methylhexylfuroxan (VI) 
938,80 2,62 
972,79 2,07 
925,13 2,35 
967,89 2,62 
933,89 2,2t 

2,679 
2,776 
2,640 
2,762 
2,665 

10,90 
10,29 
10,93 
12,13 
10,36 

9,73 
10,78 
9,25 

10,40 
t0,44 

10,69 
10,03 
1t,42 
11,18 
t0,42 

10,66 
tl,23 
10,77 
9,79 

10,45 

I t 
Au c, cal/g 

6788,9 
6786,5 
6788,5 
6798,0 
6793,6 

7458,2 
7458,7 
7450,9 
7454,2 
7460,5 

6367,7 
6363,8 
6375,0 
6362,9 
6360,9 

7449,3 
7459,3 
7446,0 
7448,2 
7452,5 

TABLE 5. Melting 
Points of Dialkylgly-  
oximes R--C---C--R' 

11 II 
NOH NOH 

bomb was 30 atm),  for  which r ea son  s tandard benzoic acid was used as an aux- 
! ! iary  substance  to a s s u r e  their  complete  combustion.  

The exper imenta l ly  de te rmined  combust ion heats  of compounds (I)-(III) 
and (VI) a r e  given in Table 4, where the following designations were  adopted: 
m is the weight of the substance,  m b is the weight of benzoic acid,  AT is the 

R •" Mp. ,~ t e m p e r a t u r e  r i s e  in the exper iment~aking  into account the cor rec t ion  for the 
heat  exchange Qtotal is the total amount of heat  evolved in the ca lo r ime te r ,  

CsH ~ 167--168 qHNO and qwire  a r e  the cor rec t ions  for the fo rmat ion  of n i t r ic  acid and the 
C4H ~ 1 7 1 - - 1 7 2  combust ion of the copper wire ,  and u c '  is the combustion heat  of the compound 
CsH ~ 172--173 under the conditions of the ca lo r ime t r i c  bomb.  
C4H 9 t70--t71 
CsH u 169--169,5 Call13 i68--t69 In calculating the s tandard heats  of combust ion we inser ted  the Washburn 
C7H15 164--165 calorimetric corrections andAnRT. The heats of combustion refer to the fol- 

lowing reactions: 

(I) CTHI2N20~ (1) ~- 903 (g) -~ 7CQ ~- 6H~O (1) ~- N2 

(II), (VI) CgHlsN~O~ (1) ~- 120~ ~ 9CQ ~- 8H, O (1) -~ N2 

(Ill) CsHIoN~02 (li ~- 7,50~ -)- 6C02 ~- 5H20 (1) ~- N2 

In calculating the enthalpies of formation of the dialkylfuroxans the enthalpies of the formation of CO 2 
(g) and H20 (1) were respectively taken equal to -94.051 and -68.317 kcal/M. 

C~H 5 
CaH~ 
CHa 
CH8 
CHa 
CH a 
CH3 

CONCLUSIONS 

A number  of dialkylfuroxans was synthesized and their  the rmochemica l  p roper t i e s ,  namely  the 
heats  of combustion and the enthalpies of format ion,  were  studied. 
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