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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 
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(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%. 

(IO) Baldwin, ,J. E.; Bailey, P. D.; Gallacher, G.; Singleton, K. A.; 
Wallace, P. M. J. Chem. SOC., Chem. Commun. 1983,1049. For related 
studies, see: Belleau, B.; Au-Young, Y.-K. J. Am. Chem. SOC. 1963,85, 
64 and ref 3a. 

(11) The tentative stereochemical assignment of 12, and by analogy 
11, is based on the non-correlation of material derived from 12 with a 
structure of known relative configuration. Chemical correlation would 
have proven the cis-(1s,48,9B,10s)-A6-~~ stereochemistry. Details of 
this and related work will be the subject of future work. 

(12) (a) Hauser, C. R.; Renfrow, W. B., Jr. "Organic Syntheses"; Wiley 
New York, 1948; Collect. Vol. 2, p 67. (b) Available from Sigma Chemical 
Company. (c) Boyland, E.; Nery, R. Analyst 1964,89, 520. 

( 6 )  2 -  18% s3 70% 
COPh 7 ' a d  
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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 

(1) For recent reviews, see: Dean, F. M. Adu. Heterocycl. Chem. 1981, 
30,168; 1982,31,237. Wong, H. N. C.; Ng, T.-K.; Wong, T.-Y. Hetero- 
cycles 1984,22, 875. Wong, H. N. C.; Ng, T.-K.; Wong, T.-Y.; Xing, Y. 
D. Heterocycles 1983, 20, 1815. 

(2) (a) Helder, R.; Wynberg, H. Tetrahedron Lett. 1972, 605. How- 
ever, see: Reinhoudt, D. N.; Volger, H. C.; Kouwenhover, C. G.; Wynberg, 
H.; Helder, R. Tetrahedron Lett. 1972,5269. (b) Schultz, A. G.; Shen, 
M. Tetrahedron Lett. 1979,2969 and references therein. Schultz, A. G.; 
Shen, M.; Ravichandran, R. Tetrahedron Lett. 1981,22,1767. Schultz, 
A. G.; Shen, M. TetrahedronLett. 1981,22,1775. Shen, M.; Schultz, A. 
G. Tetrahedron Lett. 1981,22, 3347. 

(3) Noland, W. E.; Lee, C. K.; Bae, S. K.; Chung, B. Y.; Hahn, C. S.; 
Kim, K. J. J. Org. Chem. 1983,48,2488. Davidson, W. J.; Elix, J. A. A u t .  
J. Chem. 1970,23,2119; 1973,26, 1059. 

(4) Todd, D. J. Am. Chem. SOC. 1949, 71, 1353. 
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involving the exocyclic double bond and one of the furan 
ring. The reactivity of 1 is illustrated by its cycloaddition 
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with maleic anhydride in CHC1, at room temperature (16 
h), resulting in 3 (R = H, X = 0) which was obtained as 
bright yellow needles from CHCl,, mp 173-174 "C (Table 
I). Similarly, 1 (R = H) and N-ethylmaleimide resulted 
in 3 (R = H, X = NEt) which was obtained as long yellow 
needles from ethanol, mp 141-142 "C. These cyclo- 
additions thus provide a convenient route to substituted 
benzenes such as 3-hydroxyphthalide-7-carboxylic acid (4) 
which was obtained from 3 (X = 0) by hydrolysis with 
15% aqueous HC1 (50 "C, 16 h) and was isolated as col- 
orless needles from water,6 mp 173-174 "C (lit.7 mp 
165.5-168.5 "C) [vOH 3500-3160 (br) cm-'; vco 1800-1610 
(br) cm-l; 'H NMR (MezSO-d,, 200 MHz) 6 8.26 (s, 1, H3), 
7.84 (br s, 3, Ar), 6.70 (s, 1, OH); [M + 11 195 (5%)]. 

In contrast to the majority of furan-alkene cyclo- 
additions, the postulated intermediate 2 spontaneously lost 
water undergoing aromatization to 3. This is analogous 
to the reported aromatization of the adduct from maleic 
anhydride and the bis-ani1 formed from substituted fur- 
furals and p-phenylenediamine.8 Although fumaronitrile 
added to 1 (R = H), it required stannic chloride catalysis, 
and the yield of 5 obtained as green needles, mp 165-166 
"C (Table I), was reduced to 13% by polymerization of 1 
by the Lewis acid catalyst. In contrast to the reaction of 
1 (R = H), thiophene-Zcarbaldehyde dimethylhydrazone 
reacted with maleic anhydride to give 3 (X = 0) and HzS 
in only 6% yield. 

The reaction of 1 with 1,6naphthoquinone in boiling 
toluene (2 h) gave a 77% yield of the bicycloheptane de- 
rivative 6 as deep purple prisms, mp 175-176 "C ['H NMR 
(CDCl,) (200 MHz) 6 8.16-8.07 (m, 2, H,, H8), 7.76-7.71 
(m, 2, H6, H,), 7.78 (d, 1, J2,3 = 3.8 Hz, HJ, 7.35 (s, 1, Hd), 

6, CH,); 13C APT NMR9 (CDCl,), 2 X C=O, 4 X C, 8 X 
CH, and 2 X CH,]. Treating 6 with 15% aqueous HC1 
under reflux for 2 h resulted in opening of the ether bridge 
and hydrolysis of the hydrazone to 7 which was purified 
first by HPLC (Prep 500, silica gel, CHCl,) and finally by 
sublimation. The anthraquinone 7 was obtained as straw 
needles, mp 180-181 "C [lH NMR (CDCl,) (200 MHz) 6 
9.79 (s, 1, CHO), 8.18-8.11 (m, 2, Ar), 7.83-7.76 (m, 2, Ar), 

7.05 (9, 1, CH=N), 6.61 (d, 1, J3 ,2  = 3.8 Hz, H3), 3.09 (s, 

7.77 (d, 1, Hz, J3,2 = 3.8 Hz), 7.60 (s, 1, OH), 7.38 (d, 1, H3, 

(5) Serckx-Poncin, B.; Hesbain-Frisque, A.-M.; Ghosez, L. Tetrahe- 
dron Lett. 1982,23, 3261. Petrzilka, M.; Grayson, J. I. Synthesis 1981, 
753. Boger, D. L. Tetrahedron 1983, 39, 2869. 

(6) Satisfactory analytical data (&0.4%, CHN) were obtained. 
(7) Francis, J. E.; Doebel, K. J.; Schutte, P. M.; Savarese, E. C.; 

Hopkins, S. E.; Bachmann, E. F. Can. J. Chem. 1979,57,3320. 
(8) Berlin, A. A.; Liogon'kii, B. I.; Zepadinskii, B. I.; Kazantseva, E. 

A.; Stankevich, A. 0. Izu. Akad. Nauk. SSSR, Ser. Khim. 1977, 867. 
(9) Patte, S. L.; Shoolery, J. N. J. Magn. Reson. 1982, 46, 535. 
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J2,3 = 3.8 Hz) and is of particular interest for further el- 
aboration into analogues of mitoxanthone of current in- 
terest in cancer chemotherapy.1° 

5-Methylfurfural dimethylhydrazone (1, R = CH3) and 
maleic anhydride in chloroform over 16 h at  room tem- 
perature gave 3 (R = CH,, X = 0) as bright orange prisms, 
mp 135-136 "C, but in reduced yield (74%). Similarly 1 
(R = CH3) and N-ethylmaleimide gave 3 (R = CH,, X = 
NEt) after purification by chromatography (silica, CHC1,) 
as bright yellow needles, mp 145-146 "C, also in reduced 
yield (65%). However, the corresponding dimethyl- 
hydrazones from 5-nitrofural and 2-acetylfuran did not 
undergo reactions with these dienophiles. 

Furfural and DMAD yield a thermally labile 1:l cyclo- 
adduct in very modest yield; however, the dienic nature 
of the furan ring is enhanced in its acetal and diacetate, 
the yields of cycloadducts being increased significant1y.l' 
Aldehyde dialkylhydrazones have been shown12 to have 
enamine characteristics, and we find that introduction of 
the dimethylhydrazonyl group into the furan system re- 
sults in an increase in its HOMO energy13 relative to that 
of furan and 2-vinylfuran. The conformational preference 
of the aldehyde does not favor the cisoid azadiene 
form of the hydrazone, and these factors apparently en- 
hance addition across the furan moiety. The hydrazone 
also assists in the spontaneous ether fission in the initial 
cycloadducts derived from maleic anhydride and N- 
ethylmaleimide, facilitating the dehydration to the ben- 
zenoid system. However, in the naphthoquinone cyclo- 
adduct, ready air oxidation of the quinone-hydroquinone 
tautomer in the initial cycloadduct prevents dehydrative 
aromatization. Protonation is needed to assist in the ether 
fission, and under these acid conditions the aldehyde is 
obtained. 

Extension of these cycloadditions to unsymmetrical 
dienophiles and to other hydrazones is currently under 
study in this laboratory. 
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(10) Zee-Cheng, R. K.-Y.; Cheng, C. C. J. Med. Chem. 1978,21,291. 
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(13) Determined by simple Huckel calculations in which the w-tech- 

nique was used to obtain self-consistency [Streitwieser, A. "Molecular 
Orbital Theory for Organic Chemists"; Wiley: New York, 1961; p 1151. 

(14) Larsen, B. R.; Nicolaisen, F.; Nielsen, J. T. Acta Chem. Scand. 
1972,26, 1736. Chadmick, D. J.; Meakins, G. D.; Richards, E. E. Tet- 
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Asymmetric Reduction of Ketones with 
B -( cis -10-Pinanyl)-9-borabicyclo[ 3.3.llnonane. 
Observation of a Change in Enantioselection 
between Similar Organoborane and 
Organoaluminum Reagents 

Summary: The title reagent reduces prochiral ketones of 
moderate steric bulk in modest to good enantiomeric ex- 
cesses of the S alcohols. This absolute configuration is the 
opposite of that obtained with a similar organoaluminum 
reagent. 

Sir: During our initial investigation of enantioselective 
trialkylborane reducing agents, we found that the adduct 
of (-)+pinene and 9-BBN (cis-myrtanylborane, 1) reduced 

1 2 3 

benzaldehyde-d1 and acetophenone to the corresponding 
S alcohol in moderate enantiomeric excess (ee). Recently, 
Giacomelli has demonstrated that the dichloroaluminum 
reagent 2, derived from (-)-&pinene, reduces a variety of 
alkyl and aromatic ketones to the R alcohols.* This dis- 
crepancy in the absolute configuration of the products 
derived from similar reducing agents has prompted us to 
reexamine asymmetric reductions with the cis-myrtanyl- 
borane. We find that in general 1 and 2 provide products 
of the opposite configuration. These results may have 
important mechanistic implications for reductions with 
these reagents. 

A variety of ketones were examined (Table I) in order 
to evaluate the scope and potential of reductions with 
cis-myrtanylborane. In all cases the procedures developed 
for Alpine-b~rane,~,~ 3, were followed. Thus, 5.0 mmol of 
ketone was added to 7.5 mmol of cis-myrtanylb~rane~ at 

(1) (a) Midland, M. M.; Greer, S.; Tramontano, A.; Zderic S. A. J. Am. 
Chem. SOC. 1979,101,2352. (b) Midland, M. M.; Tramantano, A.; Zderic, 
S. A. Ibid. 1977, 99, 5211. 

(2) Giacomelli, G.; Lardicci, L.; Palla, F. J. Org. Chem. 1984,49,310. 
(3) B-3-Pinanyl-9-borabicyclo[3.3.l]nonane is commercially available 

from Aldrich Chemical Co. under the trademark Alpine-Borane. 
(4) (a) Midland, M. M.; Mchughlin, J. I. J. Org. Chem. 1984,49,1316. 

(b) Brown. H. C.: Pai. G. G.: Jadhav. P. K. J. Am. Chem. SOC. 1984,106, 
1531. (c)'Brow& H.'C.; P&, G. G.'J. Org. Chem. 1983, 48, 1784. (d) 
Brown, H. C.; Pai, G. G. Ibid. 1982, 47, 1606. (e) Midland, M. M.; 
McDowell, D. C.; Hatch, R. L.; Tramontano, A. J. Am. Chem. SOC. 1980, 
102, 867. (f) Midland, M. M.; Tramontano, A.; Kazubski, A. J. Am. 
Chem. SOC. 1982,104, 528. 
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