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Synthesis of 13-nitramino derivatives of gem-dinitroalkanes 
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A method for the synthesis of [.Lnitramino derivatives of gem-dinitroalkane.s by nitration 
of the producls of condensatiorJ of stdfamic acid deriva|ives with the corresponding 
gem-dinitroalkancs was proposed. 

Key words: gem-dinitroalkanes, formaldehyde. N-alkylsulfamates. 

[3-Nitramino derivatives of  gem-dinitroalkaues can 
be synthesized in various ways. The main way includes 
reaction ofgem-dinitroa]kanes wilh amines and formal-  
dehyde  with subsequent  n i t ra t ion  o f  the result ing 
Mannich  bases, l The  chief  drawback to tiffs scheme is 
the low stability of  nonni t ra ted Mannich bases, which 
significantly reduces the yield o f  the final products.  

Apparent ly,  Mannich  bases would be more stable 
when their amine  c o m p o n e n t  is replaced by the amide 
one. As the latter, we used derivatives of  sulfamic acid 
because they are relatively easily available and their  
sulfamate group is readily transformed into a ni t ramino 
group. 2,3 

Dinitromett tane,  1, I-gem-diuitroedmne,  and I, I -gem- 
dini t ropropane  were selected as the initial diuitroalkanes. 
However ,  I, 1-gem-dinitroetha~le hardly reacted 'with po- 
tassium N-methylsulhmtate  and formaldehyde in ,iqueotl:., 
a lcohol ic  media.  Much better results were obtained with 
l, em-dini t roalkanols  1 as the starting cotllpotll~ds, which 

had been derived from gem-dinitroalkanes by hydr- 
oxymethylat ion.  

HNR' RC(NO2)2CH21~R' 
RC(NO2)2CH2OH -t- I - 

SOaM SOaM 
1 2 

RC(NO2)~CH.NR' 
R = Me: R" = Me (a) ,  Et (b) ,  Bu (c);  " ~ 
R = Et; R '  = Me  (d) ,  Et (e l :  N O  2 
M = K, Na 3 a - - e  

As expected,  condr of  compounds  I with 
potussium or sodium N-methylsulfamate  was a p i t -  and 
tempera ture-dependent  reaction. The optimtlrll pH value 
was fi-mnd to be--4.5--5.0.  The condensat ion  was termi- 
nated after l\~rced removal of  water  to give products  2 in 
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95--97% yields. Compounds  2 were nitrated with mix- 
tt, res of  nitric and st, lfimc acids. The target nitro deriva- 
tives 3 were obtained m 8 0 - 8 5 %  yields (Table I). 

Condensat ion  of  2 ,2-dini t ropropane-1,3-diol  (4) with 
N-alkylsulfanlates was carried out under  similar condi-  
tions, but resulted in the format ion of  both mono-  (5) 
and disubstituted products (6). 

nent is unstable 3 -n i t r amino-  I -n i t roxy-2 ,2 -d in i t rop rop-  
ane (9) (IH N M R ,  8 :4 .96  s, 2 H; 5.60 s, 2 H). In some 
cases, 1,2,2-tr ini troazetidine ( - 3 - - 5 % )  was formed.  Re- 
action of  formaldehyde with a solut ion of  dini trodiol  4 
and potassium sulfamate with subsequent  nitrat ion of  
the condensat ion product  afforded 1,3,5,5-tetrani tro-  
1,3-diazacyclohexane (10) m - 6 5 %  yield. 

HNR 
HOCH2C(NO2)2CH2OH ~- I 

SOaM 

4 

RNCH C(NOo).CH OH RNCH,,C(NO ),CH NR NO 2" 
I 2 " ?  2 ~- I - 2 : '  2 I 
SO3M SO3M SO3M 

5 6 

RNCH2C(NO2)2CH2ONO 2 RNCH C(NO )..,CH NR 

N O  t N O  2 N O  2 
7 a , b  B a , b  

1 ) NH2SOaK/,, 
2) N ~ , /  

HNCH2C(NO2}2CH2ONO 2 
I 
NO 2 

CH2OH 
C(NO2) 2 
I 
CH2OH 1) NH2SO3K + CH20 

~) NO~" 

.,.., 
O 2 ~ ]  O2 

O2NNvNNO 2 

9 1 0  

We could not separate condensat ion  products 5 and 
6, which is largery, due to the reversibility of  the reac- 
tion. Nitrat ion of  their mixture gave a mixture of  prod- 
ucts 7 and 8 in -80  % overall  yield (Table I). The ratio 
of  7 to 8 in this mixture depends  on that of  the starling 
diol 4 to N-alkylst, lfamate. 

Condensat ion of  diol 4 with potassium sulfamate 
gave a mixture of  products in which the main c o m p o -  

At the same time, a t tempts  to perform condensat ion  
of  derivatives of  sulfamic acid with formaldehyde and 
d in i t romethane  followed by ni t ra t ion resulted in the 
formation of  a hard- to-separa te  mixture  conta in ing only 
traces of  the target products  7a,b,  8a,b, and 10. Better 
results were obtained with potass ium d in i t romethane  as 
the starting compound.  Its react ion with N-alkylsulfamate 

Table I. Characteristics of )fitramino derivatives of gem-dinitroalkancs 

Compound Yield M .p./~ Found (%) Molecular 
(%) Calculated formtda 

C H N 

IH NMR, 8 

3a 84 67--68 x 

3b 85 82--83 I 

3e 82 22--23 I 

3d 86 62--63 

3e 82 32 

7a 78" 73 

7b 62 ~ 54 

8a 61"* 138 

8b 54"" 114 

10a 65 1554 

12a 80 564 
71 "'* 

IZh 611 Resil) 4 
56" "* 

27.18 ~ C5H IoN406 
27.03 4.54 

30,52 ~ C~Itt:N4Oo 
30.97 5.O9 

18 32 ~ 25.63 C41I?NsO,.) 
1786 2,62 26.02 

21.44 3,40 CsHgN50,) 
21.21 3.21 

21.69 3.40 46 0I Cj ' I  II}N,,O s 
21.28 3.57 45.36 

27,09 452 Ct, H 14Nt, Oa 
27.16 4.73 

1.03 (t, 3 H, C1:13CII2), 2.48 (q, 2 H, CH2C), 
3.32 (s, 3 ILl, CH3N), 4.81 (s, 2 H. CCH2N) 

1.0--1.2 (m, 6 H, 2 CH3), 2.47 (q, 2 H, CIJ.2C). 
3.78 (q, 2 H, CH3CH2N). 4.78 (s. 2 H, CCH2N) 

3.5 (s, 3 ILl, CH3). 5.09 (s, 2 H, CH2N), 
5,61 (s, 2 H, Clt20)  

123 (t, 3 H, CH3), 3.89 (q, 2 H, CH2N), 
5.06 I s /2  H,-CH2N), 5.58 (s;, 2-H. CH20) 

3.48 (s, 6 H, 2 CHa). 5.12 (s. 4 H, 2 Ctt2N) 

1.24 (t, 6 1t, 2 CHT.,), 3.90 fq, 4 H. 2 CH2N). 
5 08 (s, 4 H. 2 CH2N) 

3.4S (s. 
7 10 0. 

I 26 (t, 
4.6S (d, 

3 H. CHa), 4,80 (d, 2 It. CH2N). 
I1, CH) 

3 tt. (:1t3), 3.82 (q. 2 It, Ctt,,N), 
2 It. o H , x ) ,  6.95 (t. tt. CH) 

" ( ' ~ [ l l p o l t t l d  4 ~uli'a~lKItC F;!IiO OI I I) - *" (_7Otllpolllad ,~ " ~H[L/mAIr T:lli~/ o f  ] 2 5 **** F r o m  p o [ a s N i t l m  d i R i l r o l l l c I h a H 0  
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and fo rma ldehyde  yields proclucts I I ,  whose n i t ra t ion  
gives c o m p o u n d s  12. 

KC(NO.z)2H * CH20 

HC(NOz)2CH2N(R)NO z 

12a,b  

[KC(NO2)2CH2OH] 

1:3 

~ FtNHSOoM 

NO 2" 
KC(NO2)2CH2N(R)SO3M 

l l a , b  

Apparent ly ,  potass ium d in i t rome thane  first reacts with 
fo rma ldehyde  to give an  in te rmedia te  (13),  which is 
fiwther c o n d e n s e d  with N-alkylsul tamates .  This  m e c h a -  
nism was c o n f i r m e d  by direct  react ion of  N-alkyl-  
su l famates  wi th  salt 13 (Table  I). 

Tile results  c i ted above suggest that  the M a n n i c h  
react ion ofgem-dinitroalkanes with derivatives of sulf:amic 
acid ma in ly  p roceeds  via products  of  hydroxymethyla t ion  
of gem-dinitroalkanes ra ther  than  sulfamates,  as takes 
place in the  classic case. 

Experimental 

IH NMR spectra were recorded on a Broker WM-250 
spectrometer (250 MHz) in (CD3)~CO with HMDS as the 

internal s tandard IR spectra were recorded on a UR-20 
instrument (Kgr). 

Condensation of potassium N-methylsulfamate with 2,2-di- 
nitropropan-l-oi (4). Potassium N-methylsulfamate (I.49 g, 
10 retool) was added to a solution of 2 ,2-d in i t ropropan- l -o l  
(I.58 g, 105 retool) in 5 mL of 40% ethanol, and pH was 
adjusted to -4.7. The reaction mixture was concentrated on a 
rotary, evaporator tmtiI a crystalline precipitate formed. The 
precipitate was washed with ether from the unreacted starting 
compound 4 to give potassium N-(2,2-dini t roprop-l-yl)-  
N-methylsulfamate 2a (~2.77 g, 97%), m.p. 160--162 ~ 
IR (v/cm-I):  1330 s, 1558 s, 584 s; -1200--1210 s. 

Nitration of condensation product 2a. Compound 2a (2.77 g) 
was added with stirring to a mixture of 98% HNO~ (6 mL) and 
95% ff2SO4 (4.6 mL) at - 1 0  to - 15  ~ The reaction mixture 
was stirred at - [ 0  to -15  ~'C for an extra 30 rain and poured 
into a mixture of water and ice (40 g). The crystalline product 
that formed was filtered off, washed with water, and dried in a 
desiccator over P205 m vacuo to give N-methyl-l-nitramino- 
2.2-dinitropropane (3a) (1.73 g, --84%), rap. 67--68 ~ (cf 
Ref. I: m.p. 67--68 ~ 

Compounds 3b, 3c, 3d, 3e, 7a, 7b, 8a, 8b. 10a, 12a. and 
12b were obtained in a similar way. 
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Triterpenoids from Abies species 
24.* Photochemical fragmentation of trinor-mariesiane hydroxy ketone 
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Norrish (type I I) photochemical fragmentation of 25.26.27-trinof 17,14-frido-9[}-lanostane 
23-ket0ne was perR-,rmed to give the  17cz-v_!nyl derivative: a " promising interm~:diate for the 
synthesis of 4,4-dimethyl-9~-steroid derivatives. 

Key words: triterpenoids, methyl ketones. Norrish photochemical fragmentation of 
ketones, two-dinlensional NMR spectroscopy. 

Acids I ( (24 / / ) -  and  (24Z- i somers )  with the mariesi-  
ane z ca rbon  ske le ton  are the  main  c o m p o n e n t s  of  tile 

*[-'or Pm~ ~ see ~3, Ref I 

natural  pool of  t r i t e rpenoid  acids  from the needles  of  the 
Siber ian fir (Abies sibirica Ledh.) .  This  fact was es tab-  
lished by c h r o m a t o g r a p h y  of  the  pool o f  the i r  methyl  
estet.'s 3 and front the G L C  data for neu t ra l  methyl  
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