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A new approach to the synthesis of benzoJeJ[i,2.3.4Jtetrazin.e 1,3-dioxides involves the 
trealment of A'-nitroanilines containing an onho-(terr-butyI-NNO-azoxy) group with phos- 
phoric anhydride or phosphorus pen[achloride. The reaction is supposed to proceed through 
a~ intermediate diazonium oxide cation. 

Key words: aromatic N-nilroamines: benzo[e[[i.Z.3.4]tctrazine 1.3-dioxides: azo• com- 
pounds; Ibrmafion of the N--N bond. 

Benzolel[l ,2,3,4l tetrazine 1,3-dioxides ( B T D O ) ,  
which were syn thes i zed  for the first t ime  at our  
laboratory., t,za are interest ing in connec t ion  with the 
problem of  he teroaromat ic i ty ,  In addition, some  repre- 
sentatives of  this class are biologically active. 3 viz.. they 
activate guanylate cyclase,  a versatile cont ro l le r  o f  cell 
metabolism. 

Previously, za B T D O  was synthesized by treating 
amines I with an excess o f  nitric anhydride or  n i t ron ium 
tetrafluoroborate.  However ,  the use of  such s t rong ni- 
trating reagents leads to the formation of  n i t roarenes  as 
by-products,  thus revealing a drawback to this method.  
Supposedly. the format ion  of  a tetrazine ring occurs  
when a d iazonium N-oxide  cation 3 attacks a distal 
nitrogen atom of  an azoxy group to give in te rmedia te  4 
with subsequent e l imina t ion  of  the tert-butyl cation 
(Scheme I). 
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A possible pathway tbr a d iazonium :V-oxide cation* 
to be formed is the O-ni t ra t ion o f  N-nitroarnine 2 
(derived from amine  I) followed by ionic dissociation 
according to S c h e m e  2 ( X - - O -  = NO3-) .  
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One  can assume that the X - - O -  group in this scheme 
could be not only  nitrate but also o ther  groups capable 
of  leaving in the form of an anion,  thus generat ing 
a d iazonium N-oxide  cation. In connec t ion  with this, 
tt~e goal of  the present work was to search for new 
reagents that can  transform ni t ramines  Z into BTDOs 5 
(Scheme 1 ). 

Cycl iza t ion  was studied with 2-(tert-butyI-NNO- 
azoxy) -N-n i t roan i l ine  (2a} and its 4-ni t ro  derivative (2b) 
as examples ( S c h e m e  3). Ni t ramine  2a was obtained by 
slow addi t ion o f  a solution o f  N 2 0  5 in M e C N  to aniline 
la.  Under  these condi t ions ,  the nitric acid formed dur- 
ing nitrat ion binds to the starting aniline la. That  is 
why, if the react ion mixture is treated immediately after 
mixing the reagents,  the yield of  ni t ramine is no more 
than 6 0 % ;  yet it can  be . increased  to 70% by extending 
the reaction t ime. 4 -Ni t roani l ine  lb is less basic, and 
ni t ramine 2b can be more convenien t ly  obtained with 
the use o f  n i t ron ium tetrafluoroborate at - 2 0  ~ (q/i 
Ref. 4). Mild react ion condi t ions  min imize  a possible 
rearrangement  o f  N-ni t roani l ine  into C-ni troani l ine and 

�9 For a diazonium ,&/-oxide cation see Ref. 2b and the refer- 
ences cited therein. 
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the formation o f  BTDOs. -]-ile structure of N-nitroamines 
2a,b ~,,as confirmed by 13C and 14N N M R spectroscopic 
data. v,,hich correlate well with the literature data s con- 
cerning this class of compounds. 

Scheme 3 

compounds were chosen as electrophiles m order to 
maximize the probability of an O atom being involved 
in the reaction. 

The reaction of nilramine 2a with phosphoric anhy- 
dride in MeCN closes a tetrazine ring to give BTDO 53 
in 63% yield (Scheme 5). The use oi: phosphorus 
pentachloride affords compound 5a in 87% yield. 
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The syntl~esis of the starting aniline la  was described 
earlier. 6 Aniline 1b was synthesized by treating with 
ammonia chloro derivative g prepared from 2-chtoro-5- 
nitro- I *nitrosobenzene (81 and ,'V. N-dibromo-tert-butyl- 
amine according to the Kovacic method 7 (Scheme 4). 
Nitroso compound 8 was obtained by oxidation of aniline 
7 with Caro 's  acid. Alternatively. aniline lb can be 
formed upon rearrangement of nitramine 2a in an acidic 
medium (of Ref. 4). For example, the rearrangement in 
trilluoroacetic acid results in ortho- and para-nitroanilines 
6 and Ib in the ratio I : 2. 

Scheme 4 
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]-he presence oran electronegative nitro group in the 
ring strongly affects the course of the reaction. The 
reaction of nitramine 2b with P4Ot0 gave BTDO 5b in 
88% yield, while the use of PC15 decreases the yield of 
5b to 31% and leads to the formation of by-products 10 
and 11 (Scheme 63. The structure of previously un- 
known benzotriazote I I was established by using a set of 
physicochemical methods, including mass spectrometry 
(of Ref. 9) and 1H (s Rcf. I0), 13C, and 14N NMR 
spectroscopy (cf  Ref. I lL 
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It is known that reactions of n i t ramines  with 
electrophiles can revolve both oxygen and nitrogen at- 
oms (see Ref. 8). At the same time, as implied by 
Scheme 2, only O-adducts can yield a diazonium 
N-oxide cation. Taking this into account, phosphorus(v) 
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The mechanism of formation of benzofurazan 10 and 
benzotriazole 11 is still unclear. At the same time, the 
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t i)rmation o f  t r iazole N-oxide  12 would be reasonable  to 
suppose. Indeed,  when  treated with PCI 5, n i t r amine  
could form an in t e rmed ia te  with an e l ec t ro rh i l i c  n i t ro-  
gen a tom direct ly b o n d e d  to the benzene  ring. Then ,  
this e lect rophi le  could  attack a distal n i t rogen a tom in 
the tert-butylazoxy group  to give triazole /V-oxide 12 
with its possible conve r s ion  to triazole 11. However ,  this 
sequence of  t r an s tb rma t ions  is invalid because an inde-  
pendent  exper iment  showed Ihat 12 d e c o m p o s e s  under  
the act ion of  PCI 5 wi thout  l\)rming c o m p o u n d  11. Note  
that the tert-butylazoxy group itself is rather s table in the 
presence of  PCI~. For  example ,  c o m p o u n d  9 does  not  
react with this reagent  under  the reaction c o n d i t i o n s  
involved. Hence ,  it remains  to assume that the N-oxide 
o• atom leaves the azox} fragment in the course  o f  
an in t ramolecular  reac t ion  resuhing in an azo-tert-butyl  
group, which fur ther  cyclizes to give triazole 1 1. 

C o m p o u n d  5b is resistant to PCI s and therefore  
cannot  be a source  o f  benzofurazan 10. One  o f  the 
possible pathways  o f  fo rmat ion  of t0 is t r ans fo rma t ion  
of n i t ramine into a d i azon ium cation with subsequent  
in t ramolecular  r eac t ion  involving the tert-butylazoxy 
group ( ( f  Ref. 12}. 

Hence ,  we e labora ted  a new approach to the syn the -  
sis o f  B T D O  by cyc l i za t ion  o f  the c o r r e s p o n d i n g  

N-n i t roamines  m the presence  of  P4010 or  PCI~. The 
former reagent is the most  suitable for p repara t ion  of  
BTDOs with e lec t ronega t ive  substi tuents,  while the lat- 
ter is preferred in the case o f  BTDOs without  them.  The 
method yields no n i t roarenes  as by-produc ts ,  which 
makes it appl icable  in the cases where b y - p r o d u c t s  
cannot  be separa ted  by c o m m o n  techniques  ( this  subject 
will be discussed more  extensively elsewhere) .  In addi -  
tion, the react ion u n d e r  s tudy is strong ev idence  in t a r o t  
of the mecl~anism proposed  for the fo rmat ion  of  a 
tetrazine dioxide ring via an in termedia te  d i azon ium N- 
oxide cat ion 2b (see S c h e m e s  I and 2). 

Experimental 

IR specml were recorded on a Perkin--Elmer 577 spec- 
trometer. Mass spectra were obtained widl a Kratos MS-30 
instrument (El, 70 eV). tH, ~3C. InN, and I~N NMR spectra 
were recorded on a Broker AM-300 spectrometer (300. t3, 
75.5, 21.5, and 30.4 MHz. respectively), l'SN and 15N chemi- 
cal shifts are referred to the 6 scale with nitromethane as a 
standard. Signals in mC NMR spectra were assigned with the 
use of techniques for recording spectra with selective decoupling 
from individual protons, selective polarization transfer from 
protons (SPT), two-dimensionql C--H and NOE spectros- 
copy. and additive calculations, t3 ]-he course of the reactions 
was monitored by TLC (Silutbl UV-254). Silica gel was used 
lbr preparative chmmatograph v. :Y,N-Dibromo-terr-butylamine 14 
and 2-(tert-butyI-NNO-azoxylaniline l ie)  6 were obtained ac- 
cording to the known procedures: NsO~ was prepared 15 from 
cone. HNO~ and P4OIo in a flow of dr3, argon and purified 
from N204 by evacuation (15 Torr, 0 "C). The procedure for 
the synthesis of 2-tert-httt~.l-O-nitrobenzotriazole l-oxide (12) 
will be published elsewhere, 

2-(tert-ButyI-NNO-azoxy)-N-nitroanitine (2a). A. A solu- 
tion of N=O 5 (230 ms. 2.13 mmol) in MeCN ~7 mL) v, as 
cooled to -10 ~ and added dropwise over 15 rain to a cooled 
(-30 ~-C) solution of la (400 ms, 2.07 retool) in dr?, MeCN 
t3 mL). The reaction mixture was stirred at -20 ~C for 30 rain, 
Then. the temperature was raised to 0 "C, and CH,CI~ 
(15 mL) was added. The resulting solution was washed with 
v,.lter to pH 5 and alkalized with a saturated aqueous solution 
of K2CO 3 to an alkaline reaction. The unreacted starting 
compound la was extracted with Et~O (2 • 7 mL). An 
aqueous solution of the nitrammonium salt was acidified with 
10% HCI, and the precipitate that formed was filtered off. 
washed with water, and dried in vacuo to give 2a t330 rag. 
67%), colorless cry, stals, in p. 91--92 ~C (from pentane). Found 
(%): C. 50,22: H, 538: N. 23_27, CIoHIaN403. Calculated 
(%): C. 50.41: H. 5.92; N. 23.52, IR {KBr), v/cm-J: 1495 
(N(O)=N), 3115, 2180 (both bands, NH). IH NMR (CDC13), 
8:1.51 (s, 9 H. 3 Me): 7.32 (dr, I H, H(4)): 7,58 (dt, I H, 
H(5)); 7.99 (dd. I H, H(6). 3j := 8.2 Hz, 4j = 1.3 Hz); 8.08 
(dd, I H, H~3), 3j _- 8.3 Hz, 4j = 1.5 Hz): 12.9 (br.s, I H, 
NH). A NOE upon irradiation of the NH proton is observed 
on the H(6} signal, while irradiation of the terr-hutyt group 
results in NOE on the H(3) signal. I]C NMR (CDCI;), 8:25.7 
(Me); 60.5 (CMe3); 124.4 tC(3)): 125.2 (C(6)): 126.7 (C(4)); 
129.6 (C(I)): 131.8 (C(5)): 137.8 (br, C(2)). Assignment was 
performed with consideration for the chemical shifts of 2-(wrt- 
butyl-NNO-azoxy)aniline (lal.  6' 14N NMR (CDCI3), ~: -53 
(N(O), 3,vl/. 2 = 60 Hz); -36 (NO 2, A,,.I ~ = 15 Hz). 15N NMR 
INEPT (CDCI3). & -9.4 (NBut}. MS, m/z: 238 IN)l*. 

B. NOsBF4 (0.5 g, 3.8 retool) was added with stirring at 
-20 ~ to a solution of aniline la (400 rag, 2.07 retool) in dry 
MeCN (5 mL). Stirring was continued at this temperature for 
20 rain until the starting compound disappeared (monitoring 
by TLC with CI"ICI 3 as eluent). Then. without raising the 
temperature, the reaction mixture was poured into cold water 
(50 mL),and products were extracted with EtOAc (3 • 15 mE) 
The extract was washed with a 10% aqueous solution oC KzCO? 
(2 x 20 mL) and acidilied with 10% HCI to pH 4. The 
precipitate that formed was filtered off, washed with water, and 
dried in vacuo to give 2a (240 rag. 49%). m.p 91--92 ~ (from 
pentane). The product is identical with that of method A. 

Rearrangement of nitramine 2a. A solution of nitramine 2a 
(300 ms, 1.26 mmol) in CH?CI 2 (I mL) was added dropwise 
with stirring at 20 ~C for 5 rain to TFA (5 mL). Then, the 
reaction mixture was concentrated to dr?lless ]t7 vactio, and the 
residue was washed with an aqueous solution of NaHCO 3 and 
water. The reaction products were separated by preparative 
TLC (silica gel, CHCI3). The yield of  lb was 135 mg (45%). 
The upper fraction containing nitroaniline 6 was additionally 
purified by chromatography (silica get, hexane--AcOEt (7 : 1! 
as eluent) to give 6 (65 rag, 22%). 

2-(tert-ButyI-NNO-azoxy)-4-nitroaniline (lb),  Light yel- 
low crystals, rap. 173--174 ~ (from MeOH--H20). Found 
(%): C, 50.31; H. 5.94; N, 23.37. CloHlaN..~O 3. Calct.lated 
(%): C, 50.41: H, 592; N, 23,52. IR (KBr pellets), v/cm-I:  
1340, 1500 (both bands, NO?); 3295, 3430 (both bands, Nit_,,). 
IH NMR (acetone-d6), 8:1,49 {s. 9 H. 3 Me): 7.22 (d, I H, 
H(6), J = 8.8 Hz): 7.7 (s. 2 H, N - - H h  8.08 (dd, I H, H(5)); 
8.90 (d. 1 H. H(3), J = 2.2 Hz). ~3C NMR (DMSO-d6), 6: 
25.0 (CH)); 58.5 (C_MeO: 117,1 (C(6), 3JNH, = 8.2 Hzj: 121.0 
(C(3), 3j = 5 Hz); 125.9 (C(5), J = 6 Hz); 128.8 (br, C(2)); 
t34.6 (C(4), -~J = II Hz, - ' J - - 4  Hz): 147,6 (C(I), 3Jm] ) = 
5 Hz, -~JHts) = 9 Hz). I'~N NMR (acetone-d6), 6 : -51  (N(OL 
AVl/? = 30 HZ),; -13 (NO 2, &vl/? = 70 HZ). ISN NMR 
(DMSO-d6). 8 : -191 .6  (NH2): -50.8 (N(O)); -17.0 (NI3u"); 
-12.8 (NO2). MS, m/z: 238 IM]*. 
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2-( ter t -Buty t -NNO-azoxv) -6-n i t roani | ine  (6). Bright ye!- 
~ow crystals, m p  74--75 ~C (from E[OH--H~OI. Found (%L 
C, 50.38: H, 5.90: N. 23 36 Cml-tl , tN40 v Calculated (%): C, 
50.41: H, 5.92: N, 23.52. IR (KBr pellets), v /cm-; :  1360. 
152!) (both bands. NO2L 3300. 3425 lboth bands. NH,L 
IH N M R  (DM~gO-d~,i, & 1.46 (s, 9 H, 3 Me); 6.79 !i, [ H. 
H(4), ~J = 80  Hz): 7.8 is, 2 H. N--H}: 8.12 (dd. I H, H(5), 
>.I = 8.0 H z , ' ; J =  1.6 Hz): 8.26 (dd. t H, H.(3), ;J = 8.t) I lL  
4j = 1.6 t l z )  Irradiation of  the tert-bulyl protons results in 
NOE on the H(3) sigaat. 43C NMR (DMSO-d6).  ,5:25.4 
(CH)) :  59.4 (_CMer); I13,8 (C(4)); 129.1 (C(3)): (31,5 (C(51): 
133.6 br. 136.0 br (C12~ and C[6)): f39.0 qC(I)). 14N NMR 
{CDCI3). 6 : - 5 1  (N(O), &Vl, 2 = 35 HzL - I I  (,NO> ~Vl,, 2 = 

70 Hz). MS, m/::: 238 IMI +. 
2-(tert-gutyI-NNO-azoxy)-4-nitroaniline (Ib) from com- 

pound 9. Gaseous NI-t 3 was passed through a solution of  
compound  9 (5 g. Iq.4 retool) in 60 mk of  dry,' DMSO at 
I00 ' C  for -8 h until 9 had disappeared completely (monitoring 
by TLC with CI-tCI? as eluent). The reaction mixture was 
cooled to -20 ~C and poured into 200 mL of  water The 
precipitate that formed was filtered off and washed with water. 
Recrystallizatum from an aqueous solution of  MeOH gave 
aniline 7 (3,7 g. 80%). m.p. 173--174 -C. r h e  product is 
identical with that described above. 

2-(tert-Butyl-NNO-azoxyI-?i.4-dinitrnaniline (2b). 
NO2BF 4 (800 ms, 4.5 retool) was added with stirring to a 
solution of  aniline Ib ~500 nag, 21 retool) in dQ' MeCN 
t 10 mE) at -2(.) ' C  Stirring was continued at this temperature 
for 20 rain until the starting compound disappeared (monitor- 
ing by T L C  with benzene as cluen)). \k'ithout rmqng the 
lemperature,  the reaction mixture was poured into cold water 
(It)0 mL) The precipitate that i"ormed ~;a,,, tiltered off and 
dried in air. Recwstallization from hexane gaxe aniline 2b (360 
rag. 6 t%) ,  m.p. 94--})6 ~ Found (%): C. 42.56: H, 4.68: N. 
24,51. CIoHI?NsO 5. Calculated (%): C. 42.40: H, 4.63 N. 
2473.  IR (KBr pelletsl, v / e r a l :  t350. 1530 (both bands, 
NO2): 1500 (N(O)=N) ,  3110, 3150 (both bands, NH). tH 
N M R  (DMSO-dt,) .  8 :1 .39  (s, 9 H, 3 Me): 7.6 ~,) (d, I H. 
H(61): 8.46 (dd, I H. HI5), 3d = 8.S klz. 4j = 2.6 H z )  8.58 (d. 
I H, FIt3)). IH NMR (CDCIr) .  3:1.55 is. 9 H, 3 Me): 844  
(m, 2 H, I-t(5) and 1-|(61): 907  (s. I H. 1t(3)i; 13.80 (br.s, 
I H, NH),  )~C N M R  {DMSO-d,_,). 3 : 2 5 . 2  (CHr):  59.5 
(CMe; ) :  120.4 (C(3)): 125,9 (C(5)1:128.0 (C(6)), 132.7 tC(I)) ;  
143.3 (br, C~'2)); 146.2 tC(4)). I4N NMR (CDC10,  6 : - 5 6  
(N(O).  X\'t'2 = 85 Hz): -41  I N - - N O >  Avl 2 = 40 Hz): -'-18 
(NO 2, &v!/2 = 200 Hz}. MS, m/c: 283 [Nil ' .  

[-Chloro-4-nitro-Z-nitrosobenzene (8). A solutiou of Carp "s 
acid was prepared as follows. 16 A mixture of  anmionium 
persulfate (38 g) and cone. H2SO t (25 mL) was :,tirred at 20 ~ 
for I h and poured into )ce ( 180 g). Finely ground 2-chloro-5-ni-  
t roamline (7) (3 g, 17.4 retool) was slirred at 20 "C for t h with 
5 mL of  cone.  H2SO.t and 10 mL of  water  "file resulting su.,,pen- 
sion was added to a solution of  Carp ' s  acid and stirred at 0 ~(." 
lbr  5 h. T h e  precipitate that tbrmed was filtered off, v, ashed 
with conc.  HCI in order to remove the unreacted starting 
aniiine 7 and with water, and dried it* vacuo over P4Oit t to give 
nitroso compound 8 i3.1 g, 95%), m.p. 118--120 ~ (from 
EtOH) (see Re[. 17). Found (%): C. 3,"1.81: H, 1.63; N, 14.92. 
C~,HrCIN20 :. Calculated 1%): C, 38.63: H, 1.62: N. 15.02. IR 
(KBr pellets), v / cm- I :  1350. 1530 iNO:),  tH NMR (CDCIO, 
& 7,04 (d, I H. H t 3 ) , 4 J =  2.7 Hz)" 8.03 (d, I H. H(6), 3 . /= 
8.6 Hz): 8.51 (dd, I H. H(5)). MS, re~C: 186 [MI*. 

2-(tert-ButyI-NNO-azoxy)-l-chh)ro-4-nitrobenzene (9). A 
solution of  N.N-dibromo-tert -butylamine (2.9 g. 12.6 mmol) 
in 20 mL of  CHeCt 2 was added with stirring at 0 -'C to a 
sohit ion of nitroso compound  8 ~,2.3 g, 124 mmoI) iF] 30 mk 

of  CH2C1, and 30 mL o f  MeCN.  The reaction mixture ,,,,as 
kept at 20 ~C for 4 h and then concentrated in vacua 
RecD'stallization from an aqueous solution of  MeOH gave 
compound 9 (2.4 g. 75%). rap.  106--108 ~C. Found 1%): C, 
46.65; H, 4.70: CI, 13.70; N, 16.19 C6HrCIN2()~ ,. Calculated 
(%): C, 4661; H. 4.69: CI. 13.76; N, 16.31. IR (KBr pellets), 
v /era-I :  1355, 1535 (NO2): 1495 ( N ( O ) = N )  ~H NMR (aceto- 
he-d(0, 8:1.49 (s, 9 H, 3 Me)- 791 (d, I H. H(6). 3y = 8.8 Hz); 
8.37 (dd. I H, H(5)); 3.47 (d. I H, H(3). 4j = 2.6 Hz). 
13C NMR (acetone-d6), 6:25.7 (CH3): 61.0 (CMe;)" 120.8 (C(3)): 
120.0 (C(5). 3/-= 5.2 Hz): 133.0 (C(6)); 133.4 (C(I),  3Ji.h3 ) :" 
7.8 Hz): 147.9 (slightly br.s, C{4), 3d = 9.6 Hz); 148.4 {br.s. 
C(2))  14N NMR (acetone-d6), 5 : ~ 5 0  (N(O), A',,L2 = 50 Hz): 
- I I  tNO 2. AVl/2 = S0 Hz). MS, ,'n/c: 257, 259 (I : 0.3) IMI".  

Reaction of nitramine 2a with P4OI0. Phosphoric anhy-  
dride (3 g) was added to a solution of  nitramine 2a (300 rag. 
1,3 mmot) in d~' NleCN (20 mL). The reaction mixture was 
stirred for 15 rain until tile starting compound disappeared 
(monitoring by TLC with CHCI 3 as eluent) and then poured 
into cold water (200 mL) The products were extracted with 
Eft, tAr  and dried with MgSO,~, and the solvent was removed m 
vacua. The residue was purified by chromatography (CHC[-.. as 
elnent)  to ,.ztve benzole l l l ,2 .3 ,4 l te t raz inc  1.3-dioxide (Sat 
(130 nag, 8,3%), m .p  170--172 :C. The product is identical 
with an authentic sample, 2a 

Reaction of nitramine 2a with PCI s. Phosphorus penta-  
chloride (0.8 g) was added tc, a solution of nitramine 2a (200 
rag. 0.8 retool) in dry *IeCN (15 roLL Tile reaction mixture 
was stirred for 15 rain until the starting compound disappeared 
(monitoring by TLC with CHC13 as eluent) and then treated as 
described above to give 5a 1120 ms. 87%). 

Reaction of nitramine 2b with PlOt0. Phosphoric atthydride 
(i .7 g) was added to a solution of  nitmmine 2b (200 ms,  
0.71 mmol) m dr)  MeCN (15 roLl, The reaction mixture was 
stirred for 40 rain until the starting compound disappeared 
(monitoring by TLC with benzene as eluent) and then poured 
into cold v, ater (150 roLL The products were extracted with 
EtOAc and dried with MgSO4. The solvent was removed m 
vacua, and the residue was washed with hexane to give 
7-nitrobenzo[e][I ,2.3,41tetrazine 1,3-dioxide (Sb) (130 ms,  
88%), re.p. 166--168 ~ The product is identical with an 
authentic sample. 2a 

Reaction of nitramine 2b with PCI s. Phospimrus pen~a- 
chloride 108 g) was added to a solution of  ni t ramine Zb 
(200 ms, 0.7 retool) m dry MeCN (4 mL). The reaction 
mixture was stirred for t0 rain until the starting c o m p o u n d  
disappeared (monitoring by TI._C with benzene as eluent) and 
then poured rata cold water (50 rol l .  ] h e  products  were 
extracted with EtOAc and dried with MgSG 4. The solvent was 
remo'~cd in vacua, and the residue was separated by ch roma-  
tography (benzene as etuent) to give 5h (46 rag, 31%), 11 
(34 ms. 22%), and 5-ni trobenzofumzan (10) (25 ms,  21%), 
m.p. 63--65 >C (from bexane) (c f  Ref. 18: m.p. 64--65 "C), 
The product .ts..identical with an .au!her~!i.c sa.mple, t8 

2-tert-Butyl-5-nitrobenzotriazole (11). Colorless crystals, 
rap .  I I 0 - -1 l l  "C. Found (,%): C, 54.27: H. 5.31; N, 25.81, 
CmHI2N402. Calculated (%): C, 54.54: H, 5.49" N, 25.44. IR 
(KBr  pellets), v / e r a - I :  1350, 1530 (both bands ,  NO2).  
~H NMR (acetone-d~,), 8:I. .86 (s, 9 H. 3 Me): 8 . t l  (d, | |-I, 
H(7)): 8.23 (dd, I H, H(6). 3j  = 8.8 Hz, 4j  = 2.3 Hz): 887  (d, 
I H, H(4)). )3C NMR (acetone-d O , 3 : 29 .9  (CH3); 67.3 
(CMer) ;  116.8 (C(4)); 120.3 (C(7), 4JH(, h = 1.5 Hz); 121.0 
(C(6L ; JH(4 )=  4.8 Hz): 14Y2 (C(3a). 2JH(4) = 1.6 Hz. 
3JthT) = 5.7 Hz): 146.9 (C(7a). 3JH(4) = 5.4 Hz); 147.2 (br, 
C(5 ' ) )  14N NMR (acetone-dta),  8 : - 7 8  (NBu ~, Avl/2 = 
120 Hz); - t 2  (NO 2, gvL; 2 = t10 Hz). MS. m/z: 220 IMl § 
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