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T R I M E T H Y L S I L Y L  A N D  D I E T H Y L B O R O N  D E R I V A T I V E S  

O F  E T H Y L  N - N I T R O C A R B A M A T E  

S. L .  I o f f e ,  A.  S. S h a s h k o v ,  
A.  L .  B l y u m e n f e l ' d ,  L .  M.  L e o n t ' e v a ,  
L .  M.  M a k a r e n k o v a ,  O .  B.  B e l k i n a ,  
a n d  V.  A.  T a r t a k o v s k i i  

UDC 542.91 : 547.1q28 : 547.1 '127:547.495.1 

The reac t ion  between the Ag o r  NH 4 ethyl N - n i t r o c a r b a m a t e  sa l t s  and t r imethy ls i ly l  o r  diethylboron chlo-  
r ide  in ine r t  apro t ie  so lvents  g ives  the cor responding  t r imethy ls i ly l  or  diethylboron ethyl N - n i t r o c a r b a m a t e  
de r iva t ives .  

CH:f]h or ether 
[C2tIaOCON(NQ)] M ~- RCI [C2tlhOCON(NQ)IR 

where ,  if R is  (CI-Ia)aSi, M is Ag (I), the yield is near ly  100% at 20~ if R is (C2Hh)2B, M is NH 4 (II), the yield is 
80% at - 3 0  ~ Compounds (I) and (ll) a r e  sens i t ive  to hydro lys i s  and r e a c t  rapidly  with ae r i a l  mo i s tu re .  Com-  
pound (I) decomposes  at 90-100~ o r  as a r e su l t  of a prolonged keeping at 20 ~ to give nitrogen oxide and some 
other  p roduc ts .  Compound (II) decomposes  above 0 ~ 

The p r e s e n c e  of C2HsOCON(NO 2) and Si(CHa) a (the product  I only) groups  has been conf i rmed  by t reat ing 
(I) and (II) with the alkal i  me ta l  a lcohola tes  or  with alkali  alcoholic solutions giving the cor responding  sal t  of 
the s ta r t ing  ethyl N - n i t r o c a r b a m a t e  and t r imethyla lkoxys i lane .  Compound (II) r e a c t s  with pyr id ine  at a low t em-  
p e r a t u r e  to give the c rys t a l l i ne  C2HhOCON(NO2)B(C2Hh) 2 .NChH 5 (lII) complex.  The s t ruc tu re  of this complex is 
d i scussed  below. 

P rev ious  NMR studies  showed that the t r imethy ls i ly l  and diethylboron a lky ln i t ramine  de r iva t ives  undergo 
a rap id  1,3 migra t ion  of the o rganometa i l i c  f r a g m e n t s  between the ni t ro group oxygen and the "amine"  nitrogen 
[1, 2]. In the case  of n i t roure thane  der iva t ives ,  the migra t ion  of the o rganometa l l i e  f r agmen t  to the CO group 
oxygen mus t  a lso  be considered,  s ince it was shown e a r l i e r  [3], that the t r ia lkyls i iy l  group in N-a lky lure thanes  
is  a lways connected to N. There fore ,  the o rganometa l l i c  rdt rourethane der iva t ives  can ex is t  as e i ther  the O, N, 

0 " C~HsOC0 0 C2H50 
II \ / \ 

C2HhOCN (NO)2R N=N C=N--NO~ 
\ / 

0R BO 
N-isomer 0-isomer imide isomer 

R--organometallic group 

o r  the imide i s o m e r s .  

0 

C,--N, N=N,  and Each  of the above i s o m e r s  can f o r m  s t e r e o i s o m e r s  due to the r e s t r i c t ed  rota t ion round the 
C =N bonds.  In (II), the tendency of the boron a tom towards the coordinat ion bond format ion  has to be consid-  
ered .  At p resen t ,  the only way to de t e rmine  the s t r u c t u r e s  of (I)-(III) is rouse  complexphys i cochemica l  methods.  

The compounds (I)-(III) we re  t he re fo re  studied us ing  the IR and the 1HI, 13C, riB, i4N, and 15N NMR (at v a r i -  
ous t empera tu re s )  spec t roscop ica l  techniques.  Some IR s p e c t r a  and also the NMR 15N spec t r a  were  recorded .  

N. D. Zel inski i  Organic  C h e m i s t r y  Inst i tute .  Academy of Sciences of the USSR, Moscow. 
I z v e s t i y a  Akademii  Nauk SSSR, Ser iya  Khimicheskaya ,  No. 11, pp. 2547-2557, November ,  1976. 
submit ted  August 27, 1975. 
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T A B L E  2. NMR S p e c t r a  of Corn 

Compound Solvent T c, 

x)unds (II)-  (VI) 

(J, Hz) 

C H3CH ~0CO N(N0~)CsH--i (VI) 

CH3CH.-OCO 0 \ z 
N=N (x/) 

\ 
OCaH~4 

CH.CHzO N0, \ / 
C~N / :. 

O .-B(C2Hs)~ 

(H) 

CH~CH~.OCON(NO.) 
I (III) 

CsPI~N B (C~H~h 

CCla 

CCla 

CH~Cl~ 

CHeCIe 

361 4,25 

361 4,35 

~8! 5,60 

36 4,25 

,25 4,57 
broad 

,35 5,18 

.,491 

i 

[,30 

1,30 

1,35 

JCH2CH, = 7 

]CHCH3 : 6,5 

JCH~CH~ = 7 

JCHCH~ ~ 6 

JCH2CH~ ~ 7 
B(CH2CHs) 2 gives a 

multiptet at 
0.4-0.9 ppm 

JCH~--CH, ~ 7 
B(CH2CH3) 2 broad 

signal at 0.67 ppm; 
Pyridine. multi- 
plets at 7.60, 8.01, 
and 8.68 ppm. 

* The i n t e g r a t e d  i n t e n s i t y  of  a l l  s i g n a l s  does  n o t d i f f e r  f r o m  the c a l -  
c u l a t e d  va lue  by  m o r e  than • 10%. 

Wi th  e t h e r  added .  

tI/ 
-JO ~ - 50 ~ 

30 ~ 30 ~ 

85~ 8 0 ~ J ; ~ k  
zr ~,2 ~,6 1,, z,z 
region OCg z region CH 3 

1 
O,*Z 9,22 0,3~ 
region ~'(C"s)3 

F i g .  1. NMR s p e c t r u m  of  (I) in CH2C12 
( r e c o r d e d  a t  v a r i o u s  a m p l i f i c a t i o n s ) ;  * ) 
NMR s p e c t r u m  o[  [EtO COISN(NO2)] Si(CH3)3 
(cf. e x p e r i m e n t a l ) .  

u s i n g  s a m p l e s  e n r i c h e d  with  14N o r  15N o r  both.  The s p e c t r a l  t ine  p o s i t i o n s  w e r e  d e t e r m i n e d  u s i n g  e thyl  N - n i -  
t r o c a r b a m a t e  (IV), i t s  O - i s o p r o p y l  d e r i v a t i v e  (V) and O - e t h y l - N - n i t r o - N - i s o p r o p y l u r e t h a n e  (VI) a s  s t a n d a r d s .  
When n e c e s s a r y ,  the 15N- labe l l ed  (IV)-(VI) c o m p o u n d s  w e r e  a l so  u s e d .  The e x p e r i m e n t a l  d a t a  a r e  g i v e n i n  T a b l e s  
1 - 4 .  

The  o b s e r v e d  c h a n g e s  o f  the  NMR s p e c t r u m  of (I) wi th  t e m p e r a t u r e  show that  the  c o m p o u n d  can  e x i s t  as  
a m i x t u r e  of  up to t h r e e  i s o m e r s .  Two p r o c e s s e s  can  t ake  p l a c e  at  d i f f e r e n t  r a t e s :  1 ~ - 2  and, m o r e  s lowly ,  
[1; 2 ] ~ - 3 "  ( s ee  F i g .  1). The i3C NMR s p e c t r u m  of (I) can  a l so  be i n t e r p r e t e d  in t e r m s  of an e q u i l i b r i u m  b e -  

* T h e  [1; 2 ] ~ - 3  p r o c e s s  can  t ake  the  f o r m  of 1 ~ - 3  o r  2 ~ 3  p r o c e s s e s .  
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tween three  i s o m e r s .  All the analyt ical  data indicate that, at  equil ibrium, all th ree  i s o m e r s  a r e  p r e sen t  with 
the s ignals  1, 2, and 3 co r respond ing  to the N-,  O- ,  and the imide s t ruc tu re  i somer ,  r e spec t ive ly .  

A m o r e  deta i led d i scuss ion  of this conclusion is  given below. 

The NMR s p e c t r u m  of (I) enr iched  with the 15N "amino"  ni t rogen shows only the signal 1, spl i t  into a dou- 
b le t  with J15 N Si C H = 0.9 4- 0.1 Hz, co r respond ing  roughly to the value of J in 15N-tr ia lkyls i lylamide d e r i v a -  
t ives  (0.8-1.!-I~z~ [2]. There fo re ,  the signal 1 can be ass igned to the N - i s o m e r  s ince only this s t ruc tu re  can 
give r i s e  to J15N-Si-C-H" F u r t h e r m o r e ,  the co r respond ing  IR s p e c t r u m  indicates  the p r e s e n c e  of the " imide"  
i s o m e r  in the equ i l ib r ium m i x t u r e  of (I). The in tens i ty  of the VC= O band in (I) is  cons iderab ly  lower  than that 
in the compounds  used  as s tandards ;  this absorp t ion  is,  of course ,  mis s ing  in the " imide"  i s o m e r .  F u r t h e r -  
m o r e ,  the IR s p e c t r u m  of  {I) contains  an in tens ive  band at  1627 cm -~ which, judging f r o m  the isotope shift, is  

not due to the --N 7 0  or  NO 2 but r a t h e r  to vC= N v ibra t ions .  I t s  posi t ion a lso  ag ree s  well with the pos i -  
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tion of s i m i l a r  bands in the N - n i t r i m i n e s  (V) IR spec t ra .  The intensi ty of the 1627-0m -~ band and also the in- 
tens i ty  of the SaC, S4N, and ShN NMR s p e c t r a  " imide"  f o r m  signals  suggest  that the " imide"  i s o m e r  p r e d o m i -  
na tes  in the equi l ib r ium mix tu re  and, the re fore ,  the signal 3 in the NMR s p e c t r u m  of (I) can be assigned as be-  
ing due to the " imide"  i s o m e r .  

The signal  2 can be ass igned  e i the r  to the O - i s o m e r ,  o r  to the the rmodynamica l ly  l e s s  l ikely " imide"  
s t e r e o i s o m e r . *  The f i r s t  a ssumpt ion  s e e m s  m o r e  likely, s ince the IR  s p e c t r u m  of (I) contains the 1230-em-1 
band that appea r s  in o the r  O - d e r i v a t i v e s  (V) and, at the s a m e  t ime,  is m i s s ing  in the IR spec t r a  of the o ther  
s t andards .  In CC14, the total  in tens i ty  of the 1+ 2 NMR signals  of (I) i n c r e a s e s  re la t ive  to the signal 3; c o r r e -  
spondingly, the intensi ty  of the 1230-em-Sband  in the IR s p e c t r u m  of (I) in CCI 4 i n c r e a s e s .  In teres t ingly ,  under  

the s a m e  conditions, the i4N NMR s p e c t r u m  of (I) shows a b road  signal at 46.5 ppm, s im i l a r  to the =N SO 
\011  

signal in (V). The SON l o w - t e m p e r a t u r e  NM_R s p e c t r u m  of (I) also contains weak s ignals  cor responding  to the 
s ignals  in (V) and the i r  d i s a p p e a r a n c e a t  h igher  t e m p e r a t u r e s  can be explained by the i r  broadening due to the 
1~- 2 p r o c e s s .  One of the two OCH 2 s ignals  in the Sac NMR s p e c t r u m  of (I), having 63.12 and 63.84 ppm chem-  
ical  shif ts ,  should then be due to the third i s omer .  The d i f fe rence  between the posi t ion of these two signals  and 
the ~nimide" OCH 2 signal is 3-4 ppm, and it is,  the re fore ,  not l ikely  that e i ther  of the s ignals  is due to the " imide"  
e i s - i s o m e r ,  e spec ia l ly  s ince (C2I-t50)2C =NC1 [6] exhibits  two OCH 2 group s ignals  different  only by 0.33 ppm 
(65.07 and 65.40 p p m  re l a t ive  to TMS). 

The spec t r a l  ana lys i s  data given in Tables  1-4 fu r the r  conf i rm the suggested s t ruc tu re  of (I). A detai led 
d i scuss ion  is  not n e c e s s a r y  he re .  Note that the re la t ive  ra t io  of s ignals  can be e x p r e s s e d  e i ther  as J15~,T 15~.T o r  
as JSa~ 15 N cons tan ts .  F u r t h e r m o r e ,  the 1565-1570 and 1765 c m  -1 bands in the IR s p e c t r u m  of (I) a re  mul t l -  
p le t s  a~s has been  conf i rmed  by IR s pec t r a  of CH2C12 solut ions at low t e m p e r a t u r e s .  

The above study of (D is the f i r s t  e v e r - r e p o r t e d  case  of a t au tomer ic  p r o c e s s  accompnaied by migra t ion  
of a rad ica l  R to the functional group d i rec t ly  connected to a ni t ro g r o u p - b e a r i n g a t o m .  F u r t h e r m o r e ,  f i r s t - e v e r  
obse rva t ion  of a t au tomer ic  1 ,3 -migra t ion  of the Si(CHa) a group f r o m  O to N in u re thane  was made.  

As a quant i ta t ive  invest igat ion of t a u t o m e r i s m  in (I) is difficult,  a qual i ta t ive analys is  only was at tempted.  
Also, the effect  of va r ious  f ac to r s  on the coa le scence  t e m p e r a t u r e  of Si(CH3) a group s ignals  was studied (Table 
5). The l o w - t e m p e r a t u r e  1 ~- 2 p r o c e s s  could not be  studied in detai l  - however ,  i twas  es tab l i shed  that the co a l e s -  
cence  t e m p e r a t u r e  of  1 and 2 s ignals  does not depend on concentra t ion  and is only l i t t le  influenced by the nature  
of the solvent .  I t  can thus be  concluded that this m o n o m o l e c u l a r  p r o c e s s  takes p lace  v ia  a mul t i cen te r  r ing-  
type t rans i t ion  s ta te  and, apparent ly  coincides  with the t r i a lky ls i ly l  group 1,3 migra t ion  in the t r ia lkyls i ly l  ni-  
t r a m i n e  de r iva t ives  [7]. 

* Apparent ly ,  the fo rmat ion  of the c i s - i s o m e r  is t he rmodynamica l ly  l e s s  l ikely.  

C~HsO\ 

/ \NO 2 0 
\Si(CHa)a 
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TABLE 5. Coa lescence  Tempera tu reof theSi (CH3)  aGroup 
NMR Spect ra  Signals fo r  the St ruc tura l  I s o m e r s  of (I) in 
Var ious  Solvents 

Solvent 

CH~CI~r 
CC145 
Acetone 
THF 
CHsCN 

Coalescence temperature, ~ 
process 

--31 

--30 

1,2 ~ 3 

70 
80 

--4,5 
27,6 

--0,5 

I Differenc i in chem- . -  ical shifts_t Hz* 

1,2 ~-3 at ~l--e AV(l+e)_a 
5 -fold 
dilution 

7O 
8O 

44 
--9,5 

---,0,8(--6W) 3,5 (0 ~ 
3,3(0 ~ ) 
a, 5 ( - t4: )  
3,6 (--i9) 
3,8 --(24 r 

* The t e m p e r a t u r e  of the Au de te rmina t ion  is  given in b r a c k -  
e ts .  
t The coa le scence  temp e r a t u r e  f o r  the C H 3 group 1 ~-~ 2 t r ip -  
le ts  i s - 5  ~ The d i f fe rence  in chemica l  shifts  a t - 6 0  ~ i s l . 7  
Hz. 
$ The coa lescence  t e m p e r a t u r e  of CH 3 group t r ip le ts  fo r  
1~- 2 at 10 ~ the d i f fe rence  in chemical  shifts being 1.5 Hz 
at - 1 0  ~ 

F r o m  the obse rved  data (cf. Table  5) one can a s sume  that the [1; 2 ] ~ 3  is  a monomolecu la r  p rocess ,  p a r -  
t i cu la r ly  in CH2C12, CC14, and CH3CN.* In THF, however ,  some  contr ibution f r o m  an in t e rmolecu la r  p r o c e s s  
cannot  be excluded. 

F r o m  the changes of the coa lescence  t e m p e r a t u r e  it  appea r s  that po la r  solvents  inc rease  the ra te  of the 
[1; 2]~-3  p r o c e s s  by m o r e  than two o r d e r s  of magnitude.  Obviously,  the spec ies  involved in the t rans i t ion  s ta te  
of the p r o c e s s  a re  m o r e  po la r  than the ground s t a t e s  of the i s o m e r s .  The following scheme  fully co r re sponds  
to such a situation: 

0 

C2H~OCON(NO2)Si(CHs)a ~ ~ C2H~0CON=N 

OSi(CHa)3 

: i 
i slow slow ; 

...!::::::::::::::..'2. {C2H~OCON(NOz)--t- Si(CHa)a*} ====================== 
fast fast 

fast i slow 

C=HsO 
\ 

C=N(NO.z) 
/ 

(CHa)sSiO 

The scheme  adequately explains the exper imenta l  data,  Fo r  example ,  the substi tution of the NO a group by an 
N-a lky l  should d e c r e a s e  the s tabi l i ty  of the anion and, comsequently, the stabil i ty of the ion pa i r  should also de-  
c r e a s e .  This indicates  that the migra t ion  via an ionic mechan i sm is inhibited. Similar ly ,  the stabil i ty of the 
anion is  low in the case  of the t r i a l ky l s i l y l -N-a lky ln i t r amines  that undergo the 1,3 migra t ion  of the t r ia lkylsf ly i  
group via a r i ng - type  t rans i t ion  s ta te  [7]. F u r t h e r m o r e ,  if the i somer iza t ion  follows an ionic mechan ism,  then 
the m o r e  the rmodynamica l ly  s table  ' imide '  s t e r e o s i o m e r  should p reva i l  in the equi l ibr ium mixture .  This is in- 
deed the case .  At p re sen t  we cannot s ta te  which of the two poss ib le  i s o m e r s  (N o r  O) f o r m s  the ion pai r ,  t h e r e -  
fore ,  a dotted line has  been  used to connect  the two products  and the poss ib le  t rans i t ion compound. This c o r r e -  
sponds to the [1; 2]~-3  p r o c e s s  although in pr inc ip le  both 1~-3  and 2~-~3 p r o c e s s e s  a re  poss ib le .  

According to our data (see Tables  2-4), the compound (II) is  a single i s o m e r  containing a te t racoord ina ted  
boron atom. The laC, 14N, and lSN NMR s pec t r a  a r e  v e r y  s im i l a r  to the cor responding  spec t r a  of (I) in its " imide" 
fo rm.  The d i f fe rences  a r e  apparent ly  caused by the p r e s e n c e  of the boron a tom coordinated to the f ree  e l ec -  

* The d e c r e a s e  of coa lescence  t e m p e r a t u r e  in CH3CN is, apparent ly ,  due to the solvent  effect .  
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t ron p a i r  of the nimide" ni t rogen.  As a resul t ,  the pos i t ive  charge  is  red is t r ibu ted  round all the a toms  of the 
O - C - N *  group.  

+ + 

C2H50C --N(N02) C~H~O--C--N(NOo.) C~H~O--C=N(NQ) 

O - -  B(C2H~)2 0 -- B(C2Hsh O--B (C2Hsh 
+ - 

The reac t ion  of (II) with pyr id ine  c l eaves  the B - O  bond and a neutra l  N - c o m p l e x  is formed.  I ts  s t r f c t u r e  
has been unequivocal ly  con f i rmed  by phys icochemicaI  methods .~  

c:it t)C~N(NO2) 
}::d-" 1 C'tt"----~N -" C~Hs0CON(N 0i)B(CiHs)z (III) 

@Z---B(C -'H ~)-~ NCsH6 
(ll) 

The low t e m p e r a t u r e  1H, lac,  and 15N NMR s p e c t r a  of (III) showed an absence  of any rapid exchange and thus 
conf i rmed  that the equi l ibr ium is fully shifted towards  the W-product  format ion .  These r e su l t s  agree  with the 
repor ted  behav io r  of diethylboron me thy ln i t r amine  [2] but d i s ag ree  with the r e su l t s  obtained for  diethylboron 
N-n i t ro -p- to luenesu lph 'onamide  fo r  which only the O-p roduc t  fo rmat ion  was r epor t ed  [9]. 

E X P E  R I M E N  TA L $ 

IR s p e c t r a  we re  r eco rded  on a UR-10 s p e c t r o m e t e r  f r o m  CH2C12 o r  CC14 solutions us ing 0.02 m m  KBr  
ce l l s .  UV s p e c t r a  we re  r eco rded  on a Unicam SP-800 spec t ropho tomete r .  1H NMR were  m e a s u r e d  on P e r k i n -  
E l m e r  R-12 60 1VlI-Iz s p e c t r o m e t e r  at 36 ~ The low- and h i g h - t e m p e r a t u r e  NMR spec t r a  we re  r eco rded  on PC 
60 /15  60 M:Hz s p e c t r o m e t e r .  The Jl~N_Si_C_Hand the coa le scence  t e m p e r a t u r e  values  of  s ignals  1, 2, and 3 
(Fig. 1) w e r e  de te rmined  f r o m  the chemica l  shif ts  m e a s u r e d  to * 0.02-Hz accu racy  (the values  w e r e  calculated 
f r o m  the peak  m a x i m a  us ing  the digital f requency g e n e r a t o r  G-3-49).  The half-width of the s ignals  we re  d e t e r -  
mined to • 0.06-Hz accu racy ,  and the t e m p e r a t u r e  was mainta ined to • 0.05 ~ 

The sample  values  (signal posit ion,  chemica l  shift  r e la t ive  to TMS, Hz) [the half-width value (in Hz) is  
given in b racke t s ]  were  as follows: C2HsOCON(NO2)Si(CH3) 3 (0.09 ml in 0.7 ml  CH2C12+a few drops  of TMS), 
1, 26.38 (0.63); 2, 25.71 (0.75); 3, 21.62 (0.63); C2HsOCOl~N(NO2)Si(CH3)3 (under the s ame  conditions), ld, a shou l -  
de r  at 26.83 (not measured) ;  2, 25.77 (0.63); 3, 21.61 (0.71). 

The i3C NMR s pec t r a  were  recorded  on a B r u k e r  HX-90 s p e c t r o m e t e r  at 22.63 MHz using the repea ted  
scanning technique. The chemica l  shif ts  we re  de te rmined  with • 0 . 1 - p p m a e c u r a c y ,  The 14N and 15N NIVIR spec-  
t r a  were  r eco rded  on a B r u k e r  SXP 4-100 s p e c t r o m e t e r  at 6.05 MHz for  14N, and at 9.12 MHz for  iSN, in an i m -  
pulse  reg ime ,  again us ing  the signal accumulat ion technique. The tSN chemica l  shif ts  were  de te rmined  to • 0.4 
ppm accuracy .  The nB NMR s p e c t r a  w e r e  r e c o r d e d  on P C - 5 6 / 1 9  s p e c t r o m e t e r  having the working f requency 

of 19.27 MHz. 

All the e x p e r i m e n t s  with (I)-(III) compounds w e r e  c a r r i e d  out under  Ar in anhydrous solvents  (containing 
-< 0.005% of water) .  P r e v i o u s l y  publ ished methods were  employed to obtain u re thane  (IV) [10], i ts  Ag-sa l t  [11] 
and also (IV) and i ts  Ag-sa l t  (IV) containing 15N label .  C2H5OCON15HNO2 was obtained according to [12] us ing 
15NH4NO 3 (the deg ree  of en r i chment  - 91~). Ag- sa l t  (IV) (3.15 g) in e the r  (30 ml) was r eac ted  with i-C3HTBr 
(6 ml) fo r  20 h with s t i r r ing ,  the m i x t u r e  was f i l te red  and the solvent  was evapora ted  unde r  vacuum to give (V) 
(1.86 g, 81~-) (cf. Tables  1-4). 

15N-Labelled (V) was p r e p a r e d  as follows: E t h y l - N - i s o p r o p y l c a r b a m a t e  (3.5 g) was added dropwise  to the 
HNO 3 (2 ml, sp. g. 1.5) and AC20 (5.8 g) mixtu re  at 20-30 ~ cooled to 0 ~ and then poured into ice-cold  wa te r  (20 
ml).  The organic  l a y e r  was sepa ra t ed  and the a q u e o u s l a y e r  was ex t rac ted  with ether;  the organic  l a y e r  and the 
ex t r ac t  we re  combined to give (VI) (2 g, 43~), bp 88 ~ (11 mm); n~ 1.4371 (cf. Tables  1-4).  

(CH3)3SiC1 (5.5 ml) in CH2C12 (10 ml) was added dropwise  with s t i r r ing  to Ag sal t  (IV) (10 g) in CH2C12 (40 
m]). The mix tu re  was kept  fo r  1 h at 20 ~ AgC1 was f i l t e red  off (near  100~ of AgC1 were  recovered)  and the r e s -  
idue was evapora ted  under  vacuum (s tar t ing at 10 and finishing at 1 ram) to give 90-95~ pure  (according toNMR) 
(I) in n e a r  100% yield (8.6 g). Compound (I) sol idif ies  a t - 6 0  ~ and dis t i l l s  (with par t ia l  decomposit ion) at 70 ~ 

(0.9 ram). 

* An i n t e r m o l e c u l a r  coordinat ion of the boron a tom is a lso  poss ib le .  
Sit was  r epo r t ed  p rev ious ly  that bo ra t e s  only were  i so la ted  a f te r  the react ion  between pyr id ine  and diethylboron 

n i t ro  de r iva t i ve s  [8, 9]. 
$ With contr ibut ions f r o m  V. F. Pya te r ikov .  
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The label led Ag-sa l t  (IV) was used  to p r e p a r e  15N-labelled (I). CH3OH (0.47 g) was added to (I) (1.2 g) in 
4 ml  CC14. According to GLC (2 m x  5 m m  column, 10% Reoplex 400 on Chromosorb ,  48 ~ He flow ra te  40 m l /  
rain) and NMR, within 10 rain the mix tu re  contained CH3OSi(CH3) 3, n i t roure thane (IV) and a sma l l  amount of 
hexamethyldis i loxane.  The solvents  were  evapora ted  under  vacuum to give the u re thane  (IV) (0.7 g, 91~), bp 
62 ~ (does not dep re s s  the mel t ing point). Diethylboron chlor ide  (0.65 g) was added dropwise  to the NH 4 sa l t  (IV) 
(1 g) in e the r  o r  CIt2C12 (15 nil) with s t i r r ing  a t - 3 0  to - -40  ~ the mix tu re  was kept  at this t e m p e r a t u r e  for  .1 h~ 
f i l t e red  ( a t - 4 0  ~ to r e m o v e  NH4C1, and the solvents  w e r e  evapora ted  a t - 3 0  ~ (1 ram) to give (ID (crys ta l l ine  at 
- 2 0  ~ decomposes  > 0~ To (II) in e the r  (25 mi) a t - 4 0  ~ was added dropwise  with s t i r r ing  a solution of KOH 
(0.32 g) in CH3OH (6 ml), the mix tu re  was s t i r r e d  for  a fu r the r  20 rain a t - 4 0  ~ and then heated to 20 ~ and the 
K sal t  (IV) was then f i l t e red  off (0.84 g, 80%), mp 187-188% UV s p e c t r u m  in water:  258 nm (log e 4.03}; (cL 

[13]). 

Pyr id ine  (1.33 g) was added with s t i r r ing  to (II) (1.7 g) in CH2C12 (20 rnl) a t - 3 0  ~ the mix tu re  was kept for  
about 20 rain at this  t e m p e r a t u r e  and then heated to 20 ~ and s t i r r ed  for  a fu r the r  30 rain. About a third of the 
solvent  was evapora ted  under  vacuum, and the res idue  was prec ip i ta ted  into hexane or  e ther .  The prec ip i ta te  
was f i l te red  to give (Is (1.7 g, 72~), mp 75-80 ~ (as de te rmined  by a cap i l l a ry  method). Found: C 51.10; H 7.30; 
B 3.82; N 14.97%. CI2H20BN304. Calculated: C 51.24; H 7.11; g 3.91; N 14.94~. 

Data on (II) and (III) a re  s u m m a r i z e d  in Tables  1-4.  

We a re  gra teful  to N. O. Che r skaya  for  record ing  the l o w - t e m p e r a t u r e  IR s p e c t r a  of (I) and ~o N. I~ Shly- 
kova and O. A. Luk 'yanov for  the i r  help in p repa r ing  iV). 

C O N C L U S I O N S  

The t r imethy ls i ly l  and diethylboron der iva t ives  of e t h y l - N - n i t r o c a r b a m a t e  were  p repa red .  

The f o r m e r  compound was found to exis t  as an equi l ibr ium mix tu re  of three  s t e r e o i s o m e r s ,  i .e.,  the N- 
and O-de r iva t i ve s  together  with the p rev ious ly  unknown " imide"  i s o m e r .  A m e c h a n i s m  of the tau tomer ic  r e -  
a r r a n g e m e n t s  in the sys t em,  involving both the charged  r ing i n t r amolecu l a r  and the d issoc ia t ive  migra t ion  of 
the Si(CH3) 3 group is suggested.  

The l a t t e r  compound appea r s  to exis t  in i ts  " imide"  f o r m  in which the boron a tom is coordinated to the 
carbonyl  group oxygen. The pyr id ine  complex  of this de r iva t ive  has the N - i s o m e r  s t ruc tu re .  
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