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Abstract - Renrocycloheptenoneo photoisowrise to strained trans- 
bentocycloheptenones vhich undergo smooth /-a+2 7 cycloaddition 
vlth a variety of dlenes. The adducts vitfi cycTopentadieno can 
ba readily transformed to trans fused 5-7-6 ring systems vhile 
cycloaddition vlth isoprene and 2-trlmethylsilyloxy-1,3-butadiene 
produces directly trans fused 6-7-6 ring systems. 

The remarkable discovery by Corey1 and Eaton2 have demonstrated that 2-cyclohepte- 

none on photoirradiation ioomerises to highly strained trane-cycloheptenone which 

reacts with cyclopentadiane and furan to afford trans adducts. After this obser- 

vation, 2,6-cycloheptadlenona) and benrocycloheptenonas’ have been reported to 

exhibit photoisomerisation. To date, these extraordinarily reactive trans species 

have never been employed in any synthetic endeavor. Our interest in thie area of 

research arires out of the necesalty for a direct synthetic route to the lese- 

accessible trans fused cycloheptanoid compounds especially the 5-7 one, as this 
506 structural unit is incorporated in many sesqul-and diterpenes A plethora of 

elegant strategies for access to the cis 5-7 rings 7 have emerged in the last 

decade, while only a limited number of multistep strategies for the trans fused 5-7 

rlngs8 have been reported. The present investigation9 deals with the scope of 

photoisomerieation of benrocycloheptenone resulting in the rapid construction of 

trans fused 5-7-6 and 6-7-6 carbocycles. 
10,ll 

When a solution of bensocycloheptenone la in dioxane vas irradiated in the - 
presence of cyclopentadiene, the crystalline trans adduct 2s vas formed in excellent - 
yield. The trans geometry of the product vas clear from a comparison of its lP Nl4R 

spectrum with that of the cis adduct 3a. 
11 

The remarkable feature in 
1 

- H NMR Of & 

is the collapse of the doublet of doublet at 63.41 (J3a,10a-10.3 and J3a,3 -3 HZ, 

attributed to the -proton at Cja of the cio addurt 3al to a broad singlet at 

6 3.44, thus exhibiting an endo-exo relationship 12 - between the protons at Cja and 

cloa in 22. The other characteristic spectral feature of the trans adduct is the 

deshieldlng of the C5 proton by 0.7 ppm over the cis adduct &, easily explainable 

from the actual picture of the molecules. Construction of molecular model ehovs 

that in 3, the carbonyl group is held in the name plane vlth the C5-proton, an 

orientation at which the latter experiences the maximum diamagnetic anisotropic 

effect of the carbonyl group. In 3s. - the planae containing the carbonyl group and 

the C5-proton bear an angle of approximately 4!i” forcing the latter away from the 

deshielding tone. The conclusive evidence that 2a indeed has a trans ring fusion is - 
h2J5 



obtained from epimerlaation study. Treatment of 3a with exce8s eodlum met9oxide - 
in refluxing methanol afforded a 1:l mixture of 3n and its trans epimer which was - 
found identical with the tran8 adduct 2a. - T\e met9oxy analogue b, when irradiated 

1 

c@ 
A 
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l imilarly in the preoanca of cyclopentadiene, gave the crystalline tranm adduct 2b - 
in very good yield. Por ccuparativo l tructuro analymlm the tie adduct 3b was _- 
prepared by aluminlum chloride catalysed Dlele-Alder cycloaddltlon of JA with cyclo- 

pentadione. Dnambiguoum stereochemical amaignment to 2b could be made very easily - 
by theappearance of a broad elnglet at 6 3.42 in 2b instead of the doublet of doub- 

let at 6 3.38 in 3b as well aa by the derhielding of C5 proton in 2& by 0.6 ppm - 
over the cir adduct 3b. - 

To determine the effect of alkly subetitution on the photoisomerisation of cyclo- 

heptenone, 2-methyl analogue & van irradiated in an identical fashion in presence 

of cyclopentadiene. The crystalline tranm adduct 2c was obtained only in moderate - 

yield with the formation of minor amount of a crystalline dimeric compound. In 

analogy to the other trane adducte 2a and E, _ 2c also chows a low field doublet of - 
doublet at 6 8.25 in ’ H NHR rupporting its tranm ring juncture. Thus, alkyl substi- 

tution does not inhibit the photoieomerisation of 1. The lover yield of the 

product reflect6 the less sueceptlbility of the substituted dlenophlle towards 

cycloaddition as ueually obaerved in thermal cycloaddition reactions. 

Transformation of the adducte 3 to the trans fumed 5-7 rings were achieved 

through oxidativa fission of the Cll, Cl2 double bond. Of the various methods 

only the ruthenium tetraoxlde method developed by Sharplees 
13 

available, worked 

cleanly. The adductn 2a,b gave the trane dicarboxylic acids 1 and 2 which were -_ 
characterieed a8 their dimethyl enters 5 and z respectively. The compounda 5 and 1 

incorporate the tricarbocyclic unit 8 of the dolastane diterpenes. 
lOc-f 

To determlne the efficacy of the cycloaddition reaction of trans benrocyclohep- 

tenone, two other dienem, less reactive than cyclopentadiene, vere chosen. For 

example, irradiation of la in preoenco of imoprene gave the trans adduct 2 in - 
moderate yield with the formation of dimer of k. The regiochemical assignment to 

the only isolable product 2 vas made in accord with the results obtained from photo- 

chemical" as veil aa thermal” cycloaddition of cycloheptenone with iroprene. 

Similarly, the photoirradiation of e in preeence of 2-trimethylailyloxy-1,3- 

butadiana gave the adduct 10 with simultaneous formation of the dimer of &. The - 
adduct 10 warn inmediately hydrolymed to afford the dione 11. The trans conflgura- - - 
tion to 2 and 11 wan assigned from their mode of formation frclm &. 
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In oumary, the photoirradlation of bnsocycloheptenones 1 leada to ci+ttanr 

isomerieatlon of the 2,3-double bond. ha resulting tranr enonea undergo facile 

cycloaddltion with various dienes to lead to trans fueed 5-7-6 or 6-7-6 adducts 

depending on the structure of the dlene used during phoeirradiation. 

Experimental Section 16 

7-Pkthoxy bento_rf]cvclohcpc-2-en-l-one (fi). lo . ugneticelly rtirred ice-cold rolution of 7- 

rcthoxy bentoruberone (SO0 mg. 2.63 raol) in l nhydroum ether (LO ml), bromine fO.l& l L, 2.7 -1) 

“.a added. Stirring was continued for 2h after which the ether layer wea uerhed ruccerrively with 

atureted l qucoue rodium bicarbonate. water end dried (Na SO ). Remove1 of rolvenc afforded the 

2-brow derivative (670 rq, 9’11); IR (neat) 167.5, 159Ocm -1. t , H w)(R (60 MHz) 6(CCl&) 1.73-3.06 (9, 

6H), 1.80 (a. 3H). 6.70 (dd. N. J - G end 6 HI). 6.66 (a, HI, 6.75 (d, H, J - 2 Hz), 7.50 (d. H, 

J - 8 Hz). 

A rolucion ol this crude bromc, compound in rnhydrour DW (5 IL) wee stirred at 12O’C under N2 

for (r h in presence of LiCl (960 n g, 22 -1) end Li2C03 (890 mg, 12 -1). After cooling CO room 

temperature, the reaction mixture we@ diluted with water (20 mL) end extracted with ether (3 x 30 

tioL). The ether extract wee washed with water (2 x 20 mL) end dried (Ne2S04). l%e residual oil 

after evaporation of solvent wee sublimed to afford _l& CL25 ay, 912); b.p. 166’~ (0.3 mm) (bath 

cemp); IR (neat) 1640. 1590 c--l. ‘H NM 6 2.S9 Cm, 2H), 3.06 (a, 2H). 3.85 (a, 3H). 6.25 (dt, H, 

J - 12 and 1.8 Hz). 6.68-6.80 (n, 3Hl. 7.81 (d. H. J - 8.8 Hz). Anal. celcd. for C,2H,2Q2 : C. 
76.57; H. 6.G3. Found : C. 76.06; H, 6.&P. 

2-ethyl-bcnrorf]cyclohepc-2-en-l-one (&I. FollovinR the above procedure of brorinetion, l 

solution of 2-methyl bentoruberone (1.5 R, 8.6 1~11 in ether (80 AL) wee trertcd with bromine (0.45 

mL. 8.67 -1) et ice-bath cemp for 2.5 h to afford the 2-brom derivative (2.05 g, 96%); IR (neat) 

1680. 1600 cm-‘; ‘H Nl4I (60 MHz) 6 (Ccl,) l.Ol-1.~8 (m, IH), 1.95 (s, 3H). 2.03-2.95 fm. LH), 6.86- 

7.&2 (m. 1H). Dehydrobromination of the crude broaD derivative in Dt4T (15 ot) rolution was carried 

out as above by treatment with LiCl (3.08 8. 72.6 ~1) end Li2C03 (2.A5 8. 38.5 mmol) at 12O’)C for 

4 h to afford & (1.05 R. 782); b.p. llO°C (0.1 rrm) (bath temp); IR (neat) 1630, 1590 cm -1; 1 H NtEI 

(60 IiHt) 6 (Ccl‘) 1.96 (8. 3H). 2.30-3.03 (m. 4H), 6.51 (t, H, J - 5 Hz). 6.93-7.63 (a, GH). This 

enone (ce. 902 pure) without further characterization was used in the next step. 

Photo-irradiation of bcnrocyclohcptenonea (14-c). 1~,3A,3ea,9,10,lO~Y-Hexehydro-l.3-etheno benro- 

/-f 7erulen-Lf?H)-one (2). --_ The Reneral procedure fnr photo-irradiation end cycloaddition is illus- 

traced by the synthesis of &. A rolution of benrocycloheptenone k I7 (500 mg, 3.16 -1) in 

l nhydroua dioxene (100 IL) containing frerhly dimtilled cyclopentedienc (5 IL) wea irradiated inter- 

nally through l pyrcx immcraion well with l Hanovie 450 U medium prelaurs mercury vapor lamp for 

1.5 h under N2. The reaction mixture wea then poured into water and extracted with ether (3 x 50 mL). 

The ether extract wea urahrd with water (2 x 20 mL) end dried fNe2W4). The residue after removal 

of rolvent wan chroautoRraphcd through silica Rcl with petroleum as l lurnt CO afford & (5&O qt. 772). 

a.~. 118?, Rt 7.19; IR 1670.1600 c. -1 
; L’vmx 267 and 288 nm (1oR c 6.17 and 3.65); ‘H NWt 6 1.38 



(br d. 2H. J - 8 Hz), 1.62 (dd, H, J - 8 and 2 Hz), 2.01 (a, 2H), 2.22 (br d, H, J - 8 Hz), 2.83 

(br a, H), 2.98 (1. ZH), 3.64 fbr . . HI, 6.19 (dd, H, J - 5 and 3 Hz). 6.&O (dd. H. J - S and 3 Hz). 

7.28-7.56 (m. ZH), 8.17 (dd, H, J - 8 and 2 Hz). Anal. calcd. for C16H160 : C, 85.68; H, 7.19. 

FOUlId : C. 85.95; H, 7.32. 

18.36.3~.9.10.IO~~-Hcx~hydro-l,3-~thcno-7rcthoxy bcnrorf 7arulcn-4(2H)-one (2). - _ Irradiation of 

l rolution of E (620 mg. 2.23 -1) in dioxanc (LOO mL) containinS cyclopsntadicnc (6 mL) for 3.5 h 

afforded lb (370 mS. 6511, m.p. 86’C; IR 1665, 1595 cm-l; uvux 22C and 275 nr (log C L.09 and 6.12); 

‘H NMR 6 1.32 (m, 2H), 1.61 (m, H), 2.00 (m, 2H), 2.18 (br d, H, J - 8 Hz), 2.82 (br . . H), 2.96 (a, 

2H), 3.62 (br ., HI, 3.86 (a, 3H). 6.16 (dd, H, J - 5 and 3 Hz). 6.62 (dd, H. J - 5 and 3 Hz), 6.78 

(d, H, J - 2 Ha). 6.89 (dd. J 0 8 and 2 Hz), 8.16 (d, H, J - 8 Hz). Anal. calcd. for C17H1802 : C. 

80.28; H, 7.13. Found : C, 80.66; H, 7.21. 

1~.2,3f?.9.10.10~6-Heuhrdro-3a-uthy1-1,3-ethcno bcnto/-f 7.tultn-6-one (c,. Irradiation of l rolu- _- 

tlon of & (GAO mg, 2.55 -1) in dioxanc (100 aL) containing cyclopcntadicnc (5 IL) for 2.5 h 

afforded & (155 n S, 25X), m.p. 95’C; IR 1670. 1595 cm-l; UVux 208 and 288 nm (108 c 6.15 and 3.14); 

‘H NXR 6 1.11 (a. 3H), 1.28-1.58 (m,. 3H), 1.98 (m, H), 2.36 (a, HI. 2.69 (br ., H) 3.01 (q. H, J - 

8 tir), 3.22 (q. H, J - 8 Hz), 3.60 (br s, H), 6.33 (m, ZH), 7.26-7.52 (m, XI), 8.25 (dd, H, J - 8 and 

2 Hz). Anal. calcd. for C17H180 : C, 85.67; H. 7.61. Found : C, 85.52; H, 7.41. 

During chroutopraphy of the reaction mixture l rccond component (37 mR) was obtained, m.p. 210- 

21G°C. ‘H NHR 6 1.08 (d. 3H, J - 8 Hz). 1.32-1.66 (m, 2H), 1.92-2.16 (m,, 3H), 2.29 (dd, H, J - 10.4 

and 16.8 Hz), 2.62-2.90 (m, ISH), 5.27 (d, H. J - 2 Hz), 6.16 (d, H, J - 2 Hz). 7.08-7.52 (a, 7H), 

7.82 (dd, J * 8 and 2 Hz). Anal. calcd. for C 
2bH2L02 

: C, 83.69; H. 7.02. Found : C, 83.55; H, 7.27. 

Irradiation of la in prs#sncc of iaoprcna. Smthsria of (2. A solution of & (100 mg, 0.63 ~1) 

in dioxane (11 IL) containin iroprcne (1.3 rL, 12.6 asol) waa irradiated externally in l pyrex 

ware1 for 2 h. RCPY)V~~ of volatile material* followed by chromatography through silica St1 with If 

ethyl acetate-htxane afforded 2 (50 mg. 352); ‘H NMR 6 1.62 (#, 3H), 1.77-2.08 (m, 6H). 2.57-3.12 

(m, AH), 5.32-5.38 (m, HI, 7.15-7.33 (m, 3H), 7.68 (d, H, J = 7.8 Hz). ma18 l pccrrum m/r (relative 

incennicy) 226.1359 CM*, 33, calcd. for C16H,q0, 226.13581, 211 (25), 197 (72), 193 (39), 183 (3L). 

179 (25). 155 (21), 1Ll (511, 133 (21). 131 (27). 129 (761, 128 (69). 117 (100). 91 (93), 88 (51). 

77 (57) and benrocycloheprenone diwr 
IA 

02 mS, 1521, m.p. 130-IL2°C; ‘H NMR 6 1.89-2.12 (a, 2H), 

2.18-2.65 (m, LH), 2.63-3.32 (0, 6H), 7.18-7.60 (m, 7H). 7.9C (dd, H. J - 8 and 2 Hz). Anal. calcd. 

for C22H2002 
: C. 83.51; H. 6.37. Found : C, 83.52; H, 6.52. 

Irradiation of la in prcacnce of 2-rrirthyl rilyloxy-1,3-butadicne. Synthcria of (II). A solution 

of & (100 mu, 0.63 -1) in dioxane (11 mI_) containing 2-trimethyl lilyloxy-1.3-butadianc (0.8 I, 

5.6 omol) waa irradiated externally in l Pyrex veer01 for 5 h under N2. Rcroval of dioxanc followed 

by silica Rel chromatography with 31 ethyl acetate-hcxane afforded three fraction* : lat fraction 

ir a liquid (110 mgP) which containa the adduct 10; 2nd fraction (20 a~) is the sCartinS enonc k 

and tha 3rd fraction ir l dilwr UO a). me firat fraction (110 mu) in THF (2 mL) ~a, created With 

H20 (0.5 sL) and HCl (12 N. 0.5 mL) at r.t. for 5 h. me organic material in it was extracted 4th 

ether. me ether extract ~4, washed with raturaccd l queour aodium bicarbonate. brine and dri*d 

(Na2SOG). Evaporation of ether followed by chromatography (252 ethyl acetate-hexare) afforded fi 

(62 5, 37X bared on conrumcd &), m.p. 91’C; IR 1710, 1670, 1590 cm-‘. ‘H NM 6 1.82-2.57 (1. 9R). 

2.08-3.28 (m, 3H), 7.25-7.16 Cm, 3H). 7.75 (dd. H. J = 7.0 and 1.5 Hz); maam spectrum m/z (relative 

intensity) 228.1141 (t4*,83.8, calcd for C15H1602, 228.11511, 199(29), 172 (22). 159 (051, 146 (371, 

132 (32), 131 (91), 130 (29). 129 c&l), 128 071, 118 (761, 116 (27), 106 (6C), 103 (371, 91 (100). 

90 (SO). 89 (301, 77 (C2). 

tpiwriration of 3a. me cis ketone & (70 mg, 0.31 mm11 YM rcfluxcd with 22 NaO& in *OH (2 mL. 

0.74 -1) under N2 for 2 h. me reaction mixture on dilution with water YM extracted with ether. 

The ether extract after dryinR (Na2SOL) w.8 concentrated co afford l rolid (58 fca, 02x0 vhich ~a@ 

found to be l mixture of & (Rt 16.96) and k (Rt 18.11) in a ratio of 55:C5 l # determined by CC 

L-102 UCU-982 on 80-100 UAW-WCS (20” x \‘I) at I5O”C_7. 
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Cetelyrsd Dicls-Alder reaction of lb. 1~,3~,3~~,9.10.10~B_Hexehydro-l.3-cZhan~7athoxy benxo- 

_r_f]xrulen-4(2H)-one (2). Cyclopcntadicne (7 rL) we directly dirtilled into l solution of E 

(850 41. 3.35 -1) in THP (7 mL) containing xluminium chloride (340 q, 2.5 -1) at B’C. me 

light brown rolution wee rcirrad at that temperature for 1.5 h. After diluting with water. the 

reaction mixture was extracted with ether (3 x 50 mL). me ether extract wee wxxhsd with water 

(2 x 20 IL) xnd dried (Nx2S04). Rarovel of xolventr follovod by column chroucolrxphy (5X ethyl- 

xcetete-petroleum) afforded ,b (850 q, 54X), ..p. OO’C; 1” H)(R 6 1.11-1.65 (a. 3H). 2.0 

(br d. HI, 2.42-2.71 (a, H), 2.62 (br e, H), 3.07-3.31 (la, 3H), 3.38 (dd, H. J - 10.5 and 3 Hx), 

3.80 (B. 3N), 6.02 (dd, H, J - 5.6 xnd 2 Hz). 6.51 (dd. N, J - 5.6 and 1.8 Hz). 6.64-6.78 (m, 2H). 

7.52 (d, H. J - 8.7 Hz). ~-1. celcd. for C17H1802 : C, 80.28; H, 7.13. Pound : C, 80.39: H. 

7.66. 

1~,3~,le~.9,lO,lOxB_Hcxxhydro-b~2N)-ou, banto/-f Txxulene-l,3-dicerboxylic acid (4) and ita dime- ___ 

thy1 excer (5). A mixture of carbon tetrxchloride (3 oL), rcetonitrile (3 mL), water (4.2 mL). 

sodium rscteperiodete (480 m8, 2.24 ~1)~ olefin & (100 q, 0.44 ml), and ruthenium trichloride 

hydrate (5 no) wea stirred vifiourouxly at room tompereturc for 4 h. me residue after rocxry 

l veporxtion of the rolventx from the reaction mixture wee extracted with ethyl acetate (4 x 25 mLL). 

The organic extract wax wxehed vith 2X agueour KOH. me boric xqucour washing wea acidified with 

6N HCl xnd then extracted with ethyl xcetxte (4 x 20 rL). me organic extract was vxrhed with 

brine end dried (Nx2S04). Reoovel of rolvent followed by crystallization of the residue from ethyl 
-1 

l cecete xffordsd the dicerboxylic acid i (75 mg, 71%). m.p. 185’C (doe.); IR 1705, 1660, 1595 cm . 

Anal. cxlcd. for ClbH,b05 : C, b6.66; H, 5.59. Found : C, 66.89; H, 5.26. 

me acid 4 (55 m) was treated with en excerx of ether rolution of dixromethene for 5 min. After 

relaovel of ether, the crude product wxe filtered through neutral rluminx (50x ether-petroleuo) to 

afford the -thy1 eater 6 08 w, 95X), m.p. 9b’C; IR 1735, 1720, lb70, -1 1 
159)cm ; H NM 6 1.66-2.44 

(a. bH), 2.73-2.94 (m. H), 3.0-3.16 (m, 2N), 3.40 (q. H. J = 8 Hz). 3.68 (a. 3H), 3.76 (s, 3H), 7.21- 

7.49 (a, 3H), 7.78 (dd, H, J - 8 and 2 Hz). Anal. calcd. 
‘Or ‘113~20’5 

: C, 60.34; H, 6.37. Found : 

C. 68.55; H, 6.38. 

1~,3~,3xa.9.10,10e~-Hexxhydro-4~2H)-oxo-7-~thoxy bento/-f 7xxulene-1,3-dicrrboxylic acid (1) end _-_ - 

itr dimethyl exter (1). A mixture of carbon tetrechloride (3 mL), xceronitrile (3 rat). wxter(4.2 

aL), rodiur metxperiodete (425 w, 1.98 wl), olcfin E (100 l 8, 0.39 -1) xnd ruthenim tri- 

chloride hydrate wxe stirred vigorously for 4 h. Work up of the reaction mixture xx for the prepx- 

ration of 4, afforded the dicxrboxylic acid (76 mg, 74X), a.p. 18b’C (dec.); IR 1730, 1715. 1655, 

1595 cm-I. Anal. calcd. for C,7H180b : C, 64.14; H. 5.70. Pound : C. 63.89; N. 5.40. 

me acid 2 (50 q) wea eeterified with diarasthene ae above to afford the diwthyl l eter 1 

(50 m8, 91X), ..p. 78’C; IR 1735. 1725, 1670, 1595 cm -‘; 1H NM 6 1.76-2.44 Cm, bH), 2.80-2.88 (m. 

Ii), 2.99-3.25 (m, tH), 3.35 (q, H, J - 8 Hz), 3.70 (s, 3H), 3.76 (s, 3H). 3.8b (e, 3H), 6.72 (d, H. 

J - 2 Hz). 6.86 (dd, H, J = 8 end 2 Hz). 7.70 (d, H, J - 8 Hz). ANT. celcd. for C19H220b : C, 
65.88; H. 6.40. Found : C. 65.86; H, 6.27. 
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