
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=lsyc20

Download by: [University of Nebraska, Lincoln] Date: 06 December 2015, At: 08:38

Synthetic Communications

ISSN: 0039-7911 (Print) 1532-2432 (Online) Journal homepage: http://www.tandfonline.com/loi/lsyc20

A Simple Procedure for Preparing Annulated
p-Benzoquinones. Improved Synthesis of 1,4-
Dihydro-1,4-methanonaphthalene-5,8-dione

Alan P. Marchand , Sulejman Alihodzic & Rajesh Shukla

To cite this article: Alan P. Marchand , Sulejman Alihodzic & Rajesh Shukla (1998) A
Simple Procedure for Preparing Annulated p-Benzoquinones. Improved Synthesis of 1,4-
Dihydro-1,4-methanonaphthalene-5,8-dione, Synthetic Communications, 28:3, 541-546, DOI:
10.1080/00397919808005109

To link to this article:  http://dx.doi.org/10.1080/00397919808005109

Published online: 15 Aug 2006.

Submit your article to this journal 

Article views: 89

View related articles 

Citing articles: 9 View citing articles 

http://www.tandfonline.com/action/journalInformation?journalCode=lsyc20
http://www.tandfonline.com/loi/lsyc20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/00397919808005109
http://dx.doi.org/10.1080/00397919808005109
http://www.tandfonline.com/action/authorSubmission?journalCode=lsyc20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=lsyc20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/00397919808005109
http://www.tandfonline.com/doi/mlt/10.1080/00397919808005109
http://www.tandfonline.com/doi/citedby/10.1080/00397919808005109#tabModule
http://www.tandfonline.com/doi/citedby/10.1080/00397919808005109#tabModule


SYNTHETIC COMMUNICATIONS, 28(3), 541-546 (1998) 

A Simple Procedure for Preparing Annulated p-Benzoquinones. 
Improved Synthesis of 

1,4-Dihydro-1,4-methanonaphthalene-5,8-dione 

Alan P. Marchand*t, Sulejman Alihodzic, and Rajesh ShuMa 

Department of Chemistry, University of North Texos, Denton, Texm 76203-0068 

Abstract. A simple and efficient two-step, one-pot synthesis of substituted 1,4- 
dihydro-l,4-methanonaphthalene-5,8-diones is repoifed. This synthesis, which util- 
izes readily available starting materials and inexpensive reagents, can be used to pre- 
pare la-lc in 70-90% overall yield. This procedure was extended successfully to 
prepare a more highly complex annulated p-benzoquinone i.e., 8. 

1,4-Dihydro-l,4-methanonaphthalene-5,8-dione (1)  has been used exten- 
sively as an electron-poor Diels-Alder dienophile in [4 + 31 cycloaddition reactions 
with a variety of cyclic and polycyclic dienes. Recently, l a  has been employed as a 

starting material for the synthesis of ( i )  homo- and secologs of a variety of [n]- 
prismanes (e. g.. n = 5-7)1 and (i i )  strained, functionalized quadricyclanes? and also 
as a substrate for the study of n-lacial selectivities in Diels-Alder cycloadditions.3 

As part of a research program that is directed tonard the synthesis of unusal 
polycarbocyclic “cage” compounds,J i t  was necessary lor us t o  prepare relatively 
large quantities of  la. The most commonly used method for this pui-pose, shown in 
Scheme 1, was described in 1958 by h.leinwald and Wiley.5 In oi i i -  hands, appli- 
cation of this procedure afforded l a  in cu. 40%) o\.erall yield. Moi-e recently, 
Pandey and con~okers6 reported that tric)clic dienedone 2 can be oxidized to la in 
85% yield by using SmI2 (3- equivalents; see Scheme 1). 

?To whom correspondence should be addressed. E-mail: fg83~jo\.e.acs.unt.cdii 
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542 MARCHAND, ALIHODZIC, AND SHUKLA 

We now report a short and efficient two-step, one-pot method for producing 
la  and some halogenated derivatives of la  (Scheme 2). This simple procedure 
affords annulated p-benzoquinones la- lc  in  excellent overall yield. In an effort to 

further simplify our approach, we attempted to promote direct oxidation of 2a to l a  
by using commercially available 1070 Ce(N&)2(N@)6 impregnated o n  either silica 
gel or alumina (Aldrich). However, these attempts were not successful. 

Scheme 1 

3a (workup) 4a 

AglO, NzI~SO, 

dry hm7*.ne 
25 "C, 0 5 h 

SIlII2 (2 eqlllvalents) 

dry TIE,  0, huhhler 
1 h (85%) 

Scheme 2 

/ 
X X  X% 0 

silica gel 
- 

CHzCIz 
25 "C 
ovcnught 

X s \ ,  
I10 

___) CAN k% 

CH3CN X x 
25 "C / 
0.5 11 0 

2a (X = Y = H) 
2b (X = Y = CI 

4 a ( X = Y  = I I )  
4b (X = Y = C1 

la (X = 1' = H) 
l b  (X = 1. = c1 

2c (X = H, 

2d (X = CI, Y = OCH3) 

4c (X = H, 

4d (X = CI, I' = OCH1) 

l c  (S = H. 
Y.Y = -CH2CH2-) Y,Y = -CH?CH?-) Y,Y = -CH&Hz-) 

Like enediones 2a-2c, compound 2d can be aromatized over silica gel to 

afford the corresponding annulatcd hydroquinone, 4d (Scheme 3). However, unlike 
4a-4c, subsequent CAN promoted oxidation o f  4d Jirilerl to afford the corres- 
ponding annulated p-benzoquinone. Instead, cleavage o f  the norboi-nadiene ring 
occurred with concomitant aroiiiatization, thereby al'fbrcling a substituted 1,4-naph- 
thoquinone7 (i .  e., 5 ,  Schciiie 3). 
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p-BENZOQUINONES 543 

The foregoing approach has bcen further extended to pcmitt the synthesis of 
a more highly complex, pol~cai-bocyclic-annulatcd p-benzoquinonc, I.c., 8 (Scheme 

4). In particular, i t  was of interest t o  detemiine whethet- oxidation of 7 might pi-o- 

Scheiiie 3 

JCl 5 

duce the corresponding annulated quinone, 8, or if  instead oxidation might proceed 
with concomitant cleavage o f  the norbornene ling, as was the case foi- the corres- 
ponding oxidation of 4d (see Scheme 3). In o u r  hands, CAN promoted oxidation 
of 7 proceeded uneventfully t o  afjord 8 (Scheme 4). 

Scheme 4 

6 I 8 

Experimental Section 

Melting points are uncoriected. Elemental micimnalyses were perfcxmcd by 
personnel at M-H-W Laboratones, Phoenix, AZ. 

General Procedure. To a solution of  the substrate (2a-2c, 1.0 mmol) in 
CHzClz (10 mL) was added silica gel (60-200 mesh, 10 g), and the I-esulting mix- 
ture was stirred at ambient temperature for  0.5 h t o  promote adsorption of the 
substrate onto the silica gel surface.* The resulting suspension was placed onto a 
silica gel column (50 g, dimensions 50 cni x 2 cm) and then was allowed to stand 
on the column at ambient tenipcraturc ovenight. The next morning, the column was 
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544 MARCHAND, ALIHODZIC, AND SHUKLA 

flushed by using 2.5%~ EtOAc-hcsane (50 mL) as eluent. The eluate was concen- 
trated i r i  V ~ C I I O ,  and the residue \vas washed with CH2C12 (10 niL), thereby 
affording an essentially quantitative yield of 4a-4c. Compounds 4a-4c were 
characterized via analysis o f  their IR, 1H NMR, and 13C NMR spectra and then 
were used as obtained in the next synthetic step without further puiification. 

To a solution of 4a-4c (1.0 niniol) in CH3CN (10 niL) was added a 
solution of Ce(NHJ)Z(N03)6 (2 .5  niniol, excess) in water (10 mL) at  ambient 
temperature, and the resulting mixture was stiiTed at ambient temperature for ca. 0.5 
h. The progress of the reaction was monitored via thin layer chromatographic (tlc) 
analysis. The reaction mixture was extracted with Et20 (3 x 50 mL). The combined 
organic extracts wei-c washed sequen-tially with water (2 x 50 mL) and brine ( 2  x 
SO mL). The organic laycr \\/as dried (Na2S0.1) and filtered, and the filtrate was 
concentrated irr vrrc'rro. The iesidue was purified via colunin chromatography on 
silica gel by eluting with 15% EtOAc-hesane. Workup of the chromatographic 
eluate afforded pure la-lc, in each case. 

1,4-Dihydro-1,4-methanonaphthalene-5,8-dione (la). Appl ica-  
tion of the genei-al procedure described above for the reaction of 2a with silica gel 
afforded pure 4a (900 mg, 90%) as ;I coloi-less niicrocrystalline solid: mp 143-144 
"C (lits nip 144-145 "C); IR (KBi-) 3100 (s), 1624 (ni), 1603 (w), 1492 (s), 14.51 
(s), 1443 (m), 133)  (w),  1299 (s), 1218 (s), 1154 (m), 11 14 (w), 99.5 (m), 9.53 (m), 
805 (s), 732 (s), 606 cni-l (ni); lH NMR (CDC13) 6 2.06-2.08 (m, 2 H), 4.08 (s, 2 
H), 6 .28 (s, 2 H), 6.68-6.69 (111, 1H); 13C NMR (CDC13) 647.2 (d), 69.7 (t), 114.6 
(d), 137.9 (s), 143.0 (d), 144.6 (s). 

Ceriuni(1V) promoted oxidation of  4a, when performed by using the 
procedure described above, produced pui-e la (600 mg, 70%) as a bright yellow 
microciystalline solid: nip 6.5-66 "C (lit.5 nip 66-67 "C); IR (KBr) 1649 (s), 1591 
(m), 1.560 (w), 1290 (in) ,  83.5 (m), 727 cm-* (ni); IH NMR (CDC13) 6 2.27-2.31 
(m, 2 H), 4.07-4.10 (n i ,  2 H),  6.54 (s, 2 H), 6.84-6.86 (m,  2 H); 13C NMR 
(CDC13) 6 48.8 (d), 74.2 (t), 136.1 (d), 142.9 (d), 161.0 (s), 184.3 (s). 

1,4-Dihydro-1,2,3,4,9,9-hexachloro-l,4-methanonaphthalene- 
5,8-di-one (lb). Application of the general procedure described above for the 
reaction of 2b with silica gel afforded pui-e 4 b  (800 nig, 80%) as a colorless 
microcrystalline solid: nip 18.5-186 "C (lit.9 nip 187-188 "C); IR (KBr) 3420 (vs), 
29.58 (w), 1602 (s), 1489 (vs),  1342 (m), 1261 (ni), 1162 (m), 914 (s), 787 cm-1 
(m); IH NMR (CDCI3) 6 5.84 (s, 2 H), 6.72 (s, 2 H); 13C NMR (CDC13) 6 82.2 
(s), 11 1.5 (s), 120.2 (d), 123.0 (s), 138.1 (s), 146.9 (s). 

Cerium(1V) promoted oxidation of 4b, when performed by using the 
procedure desci-ibed above, produced pui-e l b  (4.50 mg, 76%) as a bright orange 
microcrystalline solid: nip 116-1 17 "C (lit.9 mp 119 "C; lit.10 mp 117-1 18 "C); IR 
(KBr) 1665 (vs), 1574 (ni), 1298 (s), 1104 (ni), 9.56 (m), 845 (s), 843 cm-1 (m); 
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p-BENZOQUINONES 545 

'H NMR (CDC13) 6 6.74 (s, 2 H); 13C NMR (CDC13) 6 82.2 (s), 116.2 (s), 136.7 
(s), 138.4 (s), 147.0 (d), 180.6 (s). 

1,4-Di hydro- 1 1 - (S pi roc yc I o p rop y I )  - 1,4- me t h anona p h t h a le ne - 
5,s-di-one (lc). Application of the general procedure described above for the 
reaction of 2c with silica gel afforded pure 4c (700 mg, 70%) as a colorless 
microcrystalline solid: mp 217-218 "C ; IR (KBr) 3310 (vs), 2995 (w), 1603 (w). 
1485 (vs), 1359 (w), 991 (m), 798 (m), 782 cm-1 (m); IH NMR (CDC13) 60.41- 
0.56 (m, 4 H), 3.50 (s, 2 H), 6.22 (s, 2 H), 6.80 (s, 2 H), 8.35 (s, 2 H); 13C NMR 
(CDC13) 6 8.9 (t) , 9.6 (t) , 51.9 (d), 64.5 (s), 113.7 (d), 137.0 (s), 143.3 (d), 144.3 
(s). Anal. Calcd for C13H1202: C, 77.98; H, 6.04. Found: C, 77.79; H,  6.14. 

Cerium(1V) promoted oxidation of 4c by using the procedure described 
above produced pure l c  (460 mg, 78%) as a bright yellow microcrystalline solid: 
mp 95-96 "C ; IR (KBr) 3018 (vs), 2396 (w), 1650 (s), 12.22 (vs), 939 (w),  745 
(vs), 662 cm-I (vs); lH NMR (CDC13) 6 0.58-0.59 (ni, 4 H), 3.53-3.54 (m, 2 H), 
6.55 (s, 2 H), 6.86 (s, 2 H); 13C NMR (CDC13) 6 8.9 ( t ) ,  9.7 (t), 53.8 (d), 70.9 (s) ,  
136.0 (d), 142.1 (d), 160.3 (s), 184.3 (s). Anal. Calcd for C13H1002: C, 78.87; H, 
5.08. Found: C, 78.56; H, 5.20. 

1,4- D i h y d ro - 1,2,3,4 - t e t r ac hl o ro-9,9- d i ni e t hox y - 1,4 - m e t h a n o- 
naphthalene-5,s-dione (Id). Application of the general pi-ocedure described 
above for the reaction of 2d with silica gel afforded pure 4d (501 nig, 46%) as a 
colorless microcrystalline solid: mp 198-199 "C (lit." nip 2.03-303 "C). The IR, IH 
NMR and 13C NMR spectra. of  this material are identical in all respccts in with the 
corresponding spectra reported previously for authentic 4d. lo 

Cerium(1V) promoted oxidation of 4d, when performed by using the proce- 
dure described above, produced pure Id (80 nip, 71%) as a yellow microcrystalline 
solid: mp 172-173 "C; IR (KBr) 1740 (s), 1670 (w), 1437 (m),  1396 (s), 856 cni-1 
(w); IH NMR (CDC13) 6 4.02 (s, 3 H), 6.92. (AB,  JAB = 10.3 Hz, 1 H), 7.00 (AB, 
JAB = 10.3 Hz, 1 H); I3C NMR (CDC13) 6 53.5 (q), 12.7.6 (s), 129.0 (s), 133.4 (s), 
135.5 (s), 136.4 (d), 136.9 (s), 140.2. (d), 141.3 (s), 165.4 (s), 181.4 (s), 181.8 (s). 
Anal. Calcd for C12H.;C1304: C, 45.1 1; H, 1.58. Found: C, 45.33 ; H, 1.63. 

Silica Gel Promoted Tautonierization of 6.  Application o f  the 
general procedure desci-ibed above for  the reaction of 612 (100 m g ,  0.22 mmol) 
with silica gel afforded pure 7 (42. nig, 42%) as a colorless niici-oci-),stalline solid: 
mp 219-2.2.0 "C; IR (KBr) 3394 (\is), 2.9S4 (w), 1606 (s), 1496 (s), 1194 (s), 995 
(m), 792 cm-l ( s); 'H NMR (CDC13) 6 2.67 (s, 3 H), 3.37 (br s, 6 H), 4.20 (m, 7- 
H), 5.91 (br s, 2 H), 6.19-6.23 (m, 2 H), 6.33 (s, 3 H); I3C NMR (CDC13) 6 33.3  
(d), 51.9 (d), 52.3 (q),  53.0 (q) ,  77.7 (s), 114.2. (d), 115.2. (s), 138.1 (s), 131.5 (s), 
132.9 (s), 144.5 (s). Anal. Calcd for C I ~ H ~ ~ C I ~ O ~ :  C, 50.70; H, 3.58. Found: C, 
50.94; H, 3.84. 
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546 MARCHAND, ALIHODZIC, AND SHUKLA 

CAN Promoted Oxidation of 7. Cerium(1V) promoted oxidation of 7 
(40 mg, 0.88 mmol), when performed by using the procedure described above, 
produced pure 8 (22 mg, 50%) as a yellow microcrystalline solid: mp 169-170 "C; 
IR (KBr) 2945 (w). 1655 (vs), 1580 (w), 1309 (s), 1178 (m), 848 (s), 800 cm-1 
(s); IH NMR (CDC13) 6 2.74 (s, 2 H), 3.47 (s, 3 H), 3.51 (s, 3 H), 4.35 (br s, 2 
H), 6.22-6.31(br s, 2 H), 6.66 (s, 2 H); 13C NMR (CDC13) 6 34.0 (d), 52.0 (d), 
53.3 (q), 53.2 (q), 76.8 (s), 116.0 (s), 128.2 (s), 130.5 (d), 136.1 (d), 152.2 (s), 
183.4 (s). Anal. Calcd for C19H14C1404: C, 50.93; H, 3.15. Found: C, 51.12; H, 
3.34. 

Acknowledgment. W e  thank the Office o f  Naval Research (Grant 
N00014-94-1-1039) and the Robert A .  Welch Foundation (Grant B-963) for 
financial support of this study. 
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