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Regioselectivity in  the Intermolecular Diels-Alder 
Reaction of Acyl Nitroso Compounds 
(C-Nitrosocarbonyl Compounds) and 
Nitrosoformates (0 -Nitrosocarbony1 Compounds) 

Summary: A study of the regioselectivity of the inter- 
molecular Diels-Alder reaction of (nitrosocarbony1)benene 
and methyl nitrosoformate with representative electron- 
rich and electron-deficient 2-substituted-1,3-cyclo- 
hexadienes is described. 

Sir: The orientation of the intermolecular Diels-Alder 
addition of aryl nitroso compounds with dienes has been 
investigated in detail and a rationalization of the observed 
regioselectivity has been presented on the basis of con- 
sideration of the relative stabilization of the two possible 
dipolar transition  state^.^^^ The predicted and observed 
product in the cycloaddition of nitrosobenzene with 
isoprene is shown in eq 1. By contrast, a study of re- 
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( 1 )  < 
gioselectivity of the addition of nitrosobenzene with p- 
myrcene, a 2-alkyl-substituted-1,3-butadiene, revealed a 
marked dependence on reaction temperature and ~olvent .~  
Similarily, the observed, though not predicted, product of 
the addition of a-chloronitrosocyclohexane with isoprene, 
eq 2, possesses the reversed orientation of a d d i t i ~ n . ~  In 

c y )  80: 20 

the absence of a better rationalization this reversal in 
regioselectivity has been attributed to steric factors despite 
the fact that such effects must be relatively removed from 
the reaction centers. 

Herein, we detail a study of the orientation of the in- 
termolecular2v6 Diels-Alder reaction of acyl nitroso com- 
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Table I. Diels-Alder Reaction of Nitroeocarbonyl 
Compounds with 2-Substituted 1,3-Cyclohexadienes 

substrate conditions" product(s) % yieldb 
1 A, CHpC12, 25 "C, 1 h 

0 OC, 1 h 
A, DMF, 25 "C, 3 h 

0 "C, 3 h 
B, CHpC12,40 "C, 5 h 

B, CaHe, 60 O C ,  5 h 

A, CHZCl2, 25 "C, 1 h 
1 C, CH2C12, 25 OC, 1 h 

A, DMF, 25 "C, 3 h 
C, DMF, 25 "C, 3 h 

6 

6 

213 45/16 
31/24 
2315 
30113 
1114 
43/12 

415 12 (50116)' 
718 41/16 

41/16 
9/10 30/11 

" A  Benzoyl hydroxamic acidlea (2.2 equiv) was added dropwise 
to  a solution of diene and ( ~ - B U ) ~ N I O ~ ~ ~  (2.31 equiv). B: A solu- 
tion of diene and the (nitrosocarbonyl)benzene-9,lO-dimethyl- 
anthracene (1.1 equiv) was warmed a t  the described 
temperature. C: Methyl N-hydroxycarbamatelzC (2.2 equiv) was 
added dropwise to a solution of the diene and ( ~ - B U ) ~ N I O ~ ~ ~  (2.31 
equiv). bAll products exhibited the expected 'H NMR, IR, and 
MS characteristics consistent with the assigned structure and gave 
satisfactory C, H, N analysis or HRMS information. All yields 
(ratios) are based on purified, separated material isolated by chro- 
matography @io2). e The inseparable, purified adducts 415 (72% 
combined yield) were deprotected; 1.2 equiv of ( ~ - B U ) ~ N F ,  THF, 
25 "C, 30 min; and the isomeric alcohols were separated (50% and 
16% yield, respectively) and fully characterized. 

pounds, (nitrosocarbony1)benzene and methyl nitroso- 
formate, with weakly electron-rich and electron-deficient 
2-substituted-l,3-cyclohexadienes.2~6 The observed results, 
detailed in eq 3 and 4 and Table I, are consistent with the 
prediction that nitrosocarbonyl compounds behave as 
well-defined electron-deficient 2a components in a normal 
(HOMOdi,,, ~ontrol led)~ Diels-Alder reaction with elec- 
tron-rich 2-substituted dienes and additionally illustrate 
that they may serve as useful 2i7 components in regiose- 
lective Diels-Alder reactions with electron-deficient 2- 
substituted-1,3-cyclohexadienes. The latter results are 
consistent with either a normal (HOMO&,,, controlled) or 
inverse electron demand (LUMOdie,, controlled)' Diels- 
Alder reaction. 

Thermal cycloaddition of (nitrosocarbony1)benzene and 
methyl nitrosoformate with the weakly electron-rich 2- 
[ [ (tert-butyldimethylsilyl)oxy] methyl] - 1,3-~yclohexadiene 
(1) afforded predominately the para8 adducts 2 and 4. The 

I 2 R = P h  3 R=Ph 

4 -OCH3 5 =OCH3 

major minor 

structure of 2, the major regioisomer of the addition of 
(nitrosocarbony1)benzene with 2-[[(tert-butyldimethyl- 
silyl)oxy]methyl]-l,3-cyclohexadiene (l), was confirmed 
by X-ray ana ly~is .~  The identification of 4, the major 
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adduct of the reaction of methyl nitrosoformate with 1, 
was drawn by analogy with the results obtained with 
(nitrosocarbony1)benzene. The reaction solvent, reaction 
temperature, and source of the nitrosocarbonyl compound, 
while influencing the overall yield of the reaction, have 
little effect on the observed ratio of regioadducts, indi- 
cating little polar character in the transition state of the 
cycloaddition. 

Parallel studies with an electron-deficient 2-substitut- 
ed-1,3-cyclohexadiene, methyl 1,3-cyclohexadiene 2- 
carboxylate (6), eq 4 and Table I, provided related findings. 

6 7 R = P h  8 R = P h  
9 'OCH3 I O  'OCH3 

major minor 

The para* adducts 7 and 9 were formed predominately and 
the ratio of products, 7:8 and 9:10, showed no marked 
dependence on the reaction conditions. The observed 
regioselectivit,y is consistent with either a normal 
(HOMOaiene controlled) or inverse electron demand 
(LUMOdi,,, controlled)' Diels-Alder reaction and appears 
to contradict the predictions that can be drawn intuititively 
from similar studies with methyl 1,3-cyclohexadiene-1- 
carboxylate.1° The structure of the minor adducts 3 and 
8 were confirmed by the chemical correlation as detailed 

CHO 

H 

d 

v 

8 C 
e 

A 
I 1  

(b) MnO, (10 wt equiv), CH,Cl,, 25 "C, 1 h ,  70%. (c)  
1,3-Butadiene, mesitylene, 140 O C ,  48 h ,  70%. (d) 
Pyridinium dichromate ( 2  equiv), DMF, 25 "C, 9 h ;  
CH,N,, ether, 0 "C, 51%. (e) 1,3-Butadiene, mesitylene, 
140 "C, 48 h ,  70%. 

in eq 5 providing ll.ll An identical correlation of the 
major adducts 2 and 7 confirmed the remaining structure 
7 and provided 12,11 eq 6. The assignment of the adducts 
9/10 was made by analogy to 718. 

The ease with which the acyl nitroso dienophiles may 
be generated and their ability to participate in intermo- 
lecular Diels-Alder reactions with predictable, regiose- 

(a) 1.2 equiv of (n-Bu),NF, THF, 25 "C, 1 5  min, 74%. 
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lective orientation suggest that their use should comple- 
ment the use of aryl and a-chloro nitroso compounds. 
Application of such studies are in progress. 
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Furfural Dimethylhydrazone: A Versatile Diene for 
Arene Cycloaromatization 

Summary: Dienophiles such as maleic anhydride react 
with furfural dimethylhydrazone (CHC13) at  room tem- 
perature to give essentially quantitative yields of the 
corresponding trisubstituted benzenes; in contrast, reaction 
with 1,Cnaphthoquinone results in retention of the furan 
oxygen in the initial 1:l cycloadduct and, after acid hy- 
drolysis, a good yield of l-formyl-4-hydroxy-9,lO-anthra- 
quinone. 

Sir: 1,4-CycIoadditions to furans with alkenic and alkynic 
dienophiles have resulted in a variety of 7-oxabicyclo- 
[2.2.1] heptanes, -heptenes, and benzene derivatives.' 
These reactions, together with those of thiophenes2a and 
N-aminopyrrole2b derivatives, have found applications in 
the synthesis of substituted benzenes and for the annu- 
lation of benzene rings. 2-Vinylfurans and alkenic dien- 
ophiles, however, result in benzo[ blfuran  derivative^.^ 

We have found that furfural dimethylhydraz~ne~ (1, R 
= H) also behaves as a reactive diene, 1,4-addition occuring 
to the furanoid system rather than to the azadiene5 moiety 
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