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Abatraet-The mono- and dicthyleneketals of bomane-2,3dione have been utilised for selective reactions 
in this molecule, including a new route to epicamphor. The. alkylation of camphor with sodium and 
methyl iodide gave both G and O-alkylation. A discrepancy in the literature concerning the s thesis of 
homocam 

.B 
hor and homoepicamphor is rectified. The reaction of 9-bromoboman-2-one wr ‘x”dnc and 

acetic act d, gave both the 9deutero compound and a product of a fragmentation reaction. 

IN THE course of our studies on the Clemmensen reduction of homocamphorquinone’ 
and in an examination of the NMR spectra of a series of derivatives of camphor, 
we had occasion to investigate the reactions of camphor and some of its simple 
derivatives. 

In order to introduce specific functional groups into the bomane skeleton at 
carbons 2 and 3 in a rational manner, we chose to use the two possible mono ethylene 
ketals of bomane-2,3-dione I (R,, Rz = -OCH,CH@--) and II (R,, R, = 
-OCHICH,O-). 

Acid catalyzed ketalization of camphor using ethylene glycol and a water separator 
was found to proceed comparatively slowly and under similar conditions, using 
one mole of ethylene glycol, (+)bonane-2,3dione gave the 3-ketal I(Ri, R, = 
-OCH&H&&) whose structure was established from its analysis, IR, NMR and 
strongly positive Cotton effect. Prolonged treatment (24 days) of (+)bomane-2,3- 
dione with excess ethylene glycol gave the 3-ketaI (70 %) and the 2,3-bisketal(22 %) 
III (R,, Rz = R,, R, = --OCH,CH2S). Hydrolysis of the latter with chloroacetic 
acid gave the 2-ketal II (R,, R, = -OCH2CH,CL) which, like (+)boman-3-one, 
showed a strong negative Cotton effect. 

The 3-ketal provided a convenient route to boman-3-one, in which the first step 
involved reduction of the free carbonyl group. Sodium borohydride or sodium- 
ethanol reduction of I (R,, R, = --OCH2CH2S) gave mixtures of both endo 
and exo epimers at Cz, as judged from NMR spectra, whereas lithium ahnninium 
hydride reduction gave only the exe hydroxy epimer III (R,, R4 = -OCH,CH,O-, 
R, = OH, Rz = H). Hydrolysis of the 2-hydroxy-3-ketal with ethanolic HCl gave 
the corresponding a-ketol, which was readily reduced by known methods’ to boman- 
3-one. 

The mono ketals also provided convenient starting points for the synthesis of the 
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with zinc in acetic acid and ether. Similarly reduction of 2,9dibromoboman-2-one 
with zinc in acetic aciddi and ether gave 9-bromo-3deuterobornan2-one IX 
(R, = D, R, = Br). In model experiments, the bromoketone X was treated with 
zinc and acetic acid under reflux for 9 hr. The chief product was camphor and also 
present was a product of a fragmentation reaction, dihydrocarvone XII. Carvenone 

0 0 H 

RI 
1x 

was the only other product. Similar results were obtained using zinc and acetic acid-d 1 
to give 9deuteroboman-2-one IX (R, = H, Rr = D) and 2-deutero-2-methyl-S- 
isopropylidenecyclohexanone. The mechanism of this reaction is presumably that 
indicated (X + XI + XII);9 attack of zinc at a carbonyl carbon atom to act as an 
electron source, finds analogy in fragmentation reactions accompanying the Clem- 
mensen reduction of some l&liketones. lo The stereochemistry necessary for a 
concerted fragmentation reaction is provided by exo attack of the zinc at the carbonyl 
group together with the suitably placed bromine atom at C-9. Selenium dioxide 
oxidation’ 1 of 9deuteroboman-2-one gave 9-deuterobornane-2,3dione. 

An unsuccessful attempt to synthesize 9-deuteroboman-2-one by formation of the 
Grignard compound from 9-bromo-2ethylenedioxybomane and subsequent de- 
composition with D,O, gave only 9,9’-bi(2ethylenedioxybomane), characterized by 
its NMR and mass spectra. This dimer was converted by acid hydrolysis to 9,9’- 
bi(boman-2-one) and thence by selenium dioxide oxidation” to 9,9’-bi(bomane-2,3- 
dione). 

In steps designed to synthesize 7,7-dimethylbicyclo[2.2.1]heptan-2-one, apo- 
camphoric anhydride , l2 XIII was reacted with sodium methoxide in methanol, to 

6 

0 - 

XIII 

give the dicarboxylic acid half methyl ester XIV. Treatment of the corresponding 
acid chloride with diazomethane followed by silver oxide, in an Amdt-Eistert trans- 
formation gave the homologous acid, but attempts to effect a Dieckmann-type 
cyclization were unsuccessful. 
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EXPERIMENTAL 

Microanalyses were by Dr A. D. Campbell and his associates, University of Otago, New Zealand. 
IR spectra were measured with a Perkir-Elmer 237 instrument. ORD curves and optical rotations were 
determined with a Jasco ORD/UVS spectrophotometer at 25”. NMR spectra were measured with a 
Varian A-60 spectrometer using TMS as internal reference. Light petroleum was of b.p. 5(Mo” and 
alumina used for chromatography was P. Spence Type H material, deactivated with 5% of 10% acetic 
acid. M.ps on a Kofler block were uncorrected. 

2-Ethylenedioxybomune (III, Rs = R* = H, R,, R2 = OCH,CH@-) 
Camphor (23,8g), ethylene glycol (12,6g), toluene (80 ml) and toluene-psulphonic acid (03 g) were 

heated for 20 hr using a Dean and Stark water separator. Distillation and chromatography gave camphor 
and 2-ethylenedioxybomane, b.p. 208”/760 mm, no si 1.4792 (Found: C, 73.6; II, 10.2; 0, 167. C,aHs,,Oa 
requires: C, 73.4; II, 10.3, 0, 16.3 %.) 

3-Ethylenedioxyboman-2-one (I, R,, R, = -OCHaCH,O-) 
Bomane-2,3dione’* (13.76 gk ethylene glycol (5.74 g), benzene (90 ml) and toluene-psulphonic acid 

(0.4 g) were heated for 30 hr as above. Chromatography on alumina gave 3_ethylenedioxyboman-2-one 
(11,4g, 66yda.s needles fromaq MeOH, m.p. 81.582”. (Found: C 68.7; II, 8.6; 0,230. CisHisOs requires: 
C, 68.5; H, 8.6; 0.22.9 %); v_ 1757 cm-‘, R.D. (c 1.2, C,H,b 21”. [~J],w, -42 [&s -369 [+]s,,,, -2”, 
C4lem +@“> C4lw, +X74”, C+lm 07 C4lm - 2946”. A small quantity (0.12 g, @4%) of Zcthylenedi- 
oxyboman-2-one was identified with a sample prepared below. Benzene eluted yellow needles of bomane- 
2,3dione, m.p. 194”. 

2,3-Bisethylenedioxybomune (III, R,, R, = Rs, R, = --OCHsCHsO-) 
Bornane2,3dione (13.3 1 g) and ethylene glycol(l7.2 gl were treated, as above, for 60 hr. Chromatography 

of the product gave 3ethylenedioxyboman-2-one (11.7 g, 70%) identified by m.p. and IR spectrum along 
with Z&3-bisethylenedioxybomane (4.57 g, 22 “/d as plates from aq EtOH, m.p. 55.5-56”. (Found: C 660; 
H, 8.8; 0,250. C,~H,aO~ requires: C, 662; H. 8.7; 0,25,2yJ; IR no (3=0 absorption, R.D. (c 7.3, MeOH) 

250. c4h - 120, [h9 - 164 c4i.oo -324 c~i300 -699 c4i2,, -2720. 

2-Ethylenedioxyboman-3-one (II, R,,Rs = -OCHsCH@--) 
2,3-Bisethylenedioxybrnane (1.3 gl and chloracetic acid (2.5 M, 70 ml) were heated under reflux for 

lf hr, to give a product, mp. 37-38”, which was chromatographed on alumina to give needles (from light 
petroleum) of !!-ethylenedioxyboman-3-one (0.59 g, 55 %), m.p. 41.5-429 (Found: C, 68.1; H, 87; 0, 22.9. 
C,sH,,Os requires: C, 68.5; H, 8.6; 0, 22.8%); v,, 1767 cm-‘, R.D. (c, 1.6, MeOH), 253 [#]ss9 -53”. 

CfPl 500 -X0”, C4lmo -789”, Cdlm - 4576”, [4]s,s 04 [4]s,* +45764 Benxeneeluted 2,3-bisethylenedi- 
oxybomane (@22 g). 

3-Ethylenedioxyboman-2-oI (III; R,, R, = H, OH, Rs, R4 = --OCH,CH,O-) 
(a) NaBH, (060 g) was added to 3-ethylenedioxyboman-2-one (090 g) in MeOH (20 ml) and the soln 

stood at 20” for 36 hr. The product (090 g) was distilled to give the hydroxy ketal, b.p. 92-W/1.2 mm, 
n;” 1.4912. ((Found: C, 67.7; H. 8.9. C,sH2,,03 requires: C. 67.7; H, 9.4%); Y_, 3472 cm-’ (OH), R.D. 
plain negative curve (c 7.2 MeOH). 21”. [4]ss9 -44”, [d]2~ - 132”. The NMR spectrum showed the 
presence of end0 and exe derivatives in the ratio 4:5. 

(b) Reduction of the carbonyl group with LAH gave an oil, ni” 1.4898, IR spectrum identical with that 
obtained in (a), NMR spectrum showed the presence of the endo hydroxy isomer only. 

(c) Sodium-ethanol reduction gave an epimeric mixture of endo and exe isomers in the ratio 3 : 8 (NMR). 

2-Hydroxyboman-3-one (II, R,, R2 = II, OH) 
(a) 3-Ethylenedioxybornan-2-ol(O40 g) from NaBI& reduction of the corresponding ketone was warmed 

(60”) with EtOH (3 ml), and 3M HCI (25 ml) for 14 hr. to give 2-hydroxyboman-3-one as needles from 
light petroleum (0.295 g 93 “/,, m.p. 219-221” (sealed tube) (lit.’ m.p. 220-221”) v,, 3500, 3400 (OH) and 
1755 cm-’ (C=O). 

(b) 2-exohydroxyboman-3-one (II, Ri = OH R, = H): Treatment of the product from LAH reduction 
of the corresponding ketone. with acid gave needles (from light petroleum) of 2-exohydroxyboman-3-one. 



-3-f%& (lx, RI = R, = H) 
Sodium a~l~rn-EtO~ reduction of 2-exohydPoxyboman-3-ant gave ~r~~*3~~ (68~~ needles 

from hexanq m.p. I’W18W’ (lit.13 m+p. 183-184”). 

graphy on alumina gave 3-ethylenedioxy-2-methylisoborneol (3-86 g, 64 “/,, as Ies from aq &OH, 
m-p. I9-204 (Found: C, 692; H, 109; Q21.1. CIJH2&13 requires: G, 69.0; H, 9-7; 0,21*2%); vmS 3590 
cm-” (OH), RX?. plain ~it~ve curve (c 13, Delhi 25’, [#JSB9 + 7*6”, [fP]ZSO + 1 ther eluted 
2-sxohydroxy-2-methy~boman-3-one (O-45 g) identified with material prepared below. 

R.D, (c 1.5, MeQH), 21”. 

(a) a mixture af borned and isobomeoE rne~y~ ethers (43 o/a) in the ratio 6~4 (GARY b-p. 80”/1*5 mm, 
r$’ 1.4629, v,,llll, 1087(C~)cm-‘. 

of 1,8,8-txi~thyl&icycIoC3.~.l]~~-~~d~~ (IV, V) 
ers, prwred by the treatment af born 

Favre et uL* were ~h~~rnat~~~p~~ on a~~~j~ to giw: in 
from n-henne as needles, mp. 68-69” (lit.” m.p. 56”); 
(C, C,,, and C, 1 methyls), FI3-4 (s, 3, methoxyl), 5X)6 (s 1, C 
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(1.2 g) were heated together for 96 hr using a Dean and Stark water separator. Chromatography of the 
product (655 g) gave 9-bro~2-ethylenedioxybomane (38 g 53 “/d as an unstable oiL (Found: C, 524; 
H, 7Q; Br, 28.7. C,,H,,O,Br requires: C, 52.4; H, 7a; Br, 29,0x), IR showed no C=O. The ether eluate 
contained 9-bromoboman2one. 

9,9’-Bi(2-ethylenedixybornane) 
9-Bromo-2ethylenedioxybornane (15.3 g), Mg powder (20 9) and ether (120 ml) were refluxed for 4 hr 

to give 9,9’-bi(2-ethylenedioxybomane (10.7 g, 97 YJ, recrystallizd from ether as needles m.p. 208210”. 
(Found: C 74.1; H. 9.8. CI,H,,O, requires: C, 73.8; H, 9.8 %); M.W. (mass spec.) 390. 

9,9’-Bi(bornun-2-one) 
9,9’-Bi(2ethylenedioxybomane) (7.3 g), 3N HCI (70 ml) and EtOH (50 ml) were warmed (70”) for If hr. 

Working up gave 9,9’-bi(&ornan-2-one) (5.1 g 82%) recrystallized from light petroleum as needles mp. 
265266”. (Found: C, 79.5; II, 1@3. C2,,HJ,,01 requires: C, 79.4; H, lO.Oy$, v, 1754cm-i. 

9,9’-Bi@ornme-2,Mioe) 
9,9’-Bi(boman-2-one) (0.95 g), SeOr (246 g) and Ac,O (3 ml) were heated to 150” for 3f hr. After dilution 

with Ac,O and filtration of the Se metal, alumina chromatography of the yellow solid (IQ2 g) gave in the 
MeOH eluate 9,9’-bi(bornane-2,3-dione) (@63 g, 60x), recrystallixed from MeOH as needles mp. > 340”. 
(Found: C. 73.2; H, 8.1. C H 0 requires: C, 727; H, 7.9x), v, 1780 and 1765 cm-‘. 20 16 l 

9-Promo-3&uterobornun-2-one (IX,‘R, = D, R, = Br) 
Zinc powder (2Q g) was added slowly to a warmed (30”) mixture of 2,9dibromobornan-2-one (4.0 g), 

ether (?Oml) and HOAcd, (12 ml), and the mixture refluxed for 3Omin Working up gave 9-bromo-3- 
dewerobomon-2-one recrystallized from light petroleum as needles m.p. 92-93”. (Found: C, 51.6; H and D, 
6.6. C,,H,,BrDO requires: C, 51.7; H and D, 6,9x), v, 1755cm-i. 

Zinc-HOAc reduction of9-bromobornan-2-one 
9-Bromoboman-2-one (101 g), HOAc (25 ml) and Zn powder (2a g) were refluxed for 9 hr. Ether extrac- 

tion gave a pasty crystalline solid (054 g) which was separated by preparative GLC. 
1. Camphor (71%). 
2 Dihydrocarvone (14%)‘identitied (IR and NMR) with a sample prepared according to Wallach and 

Schrader. I9 
3. Carvenone (15%) identified by IR and NMR spectra; v,, 1675 (C=G), 1632 (C==C) cm-‘; 6 1.08 

(d, J = 62 c/s, 3. C, methyl split by C2 methine), 1.1 I (d, J = 7 c/g 6, isopropyl), 5.77 (m, I, C, vinyl). 

9-Deuteroboman-2-on (IX, R, = I-I, Rz = D) 
9-Bromoboman-2-one (2.1 g) in HOAc-d, (30 ml) and Zn powder (4@ g) was treated as above to give an 

oil (la8 g). separated by preparative GLC. 
I. 9-Deuterobornon-2-on (68%), m.p. 179.5-180”. (Found: C, 779; H and D, 1@7. Ci,,H,,DO requires: 

C, 78.4, H and D 11,2x), v, 1754cm-i. 
2. 2-Deutmo-2-methyl-5-isopropylidertecycloh (14x), v, 1720 (C=G), 1647 (C==CH,), 898 

(<7=CH,) cm -I. 6 0.95 (m, 3, C, methyl), 1.73 (t, J = 1.1 c/s, 3, isopropylidene methyl), 4.75 (d, J = 1.1 c/s, 2, 
isopropylidene methylene). 

3. Deuterocarvenone ( 18 “/,, v, 1675 (C=O), 1618 (C=C), 6 I.10 (m 9, methyl and isopropyl groups), 
no vinyl proton 

9-Deuterobornane-2,3-dione 
243 g of the crude product from the Zn-HOAcd, reduction of 9-bromobornan-2-one was heated to 150” 

with SeO, (5.0 g) and Ac,O (4 ml) for 3 hr. Working up as before gave an oily solid (108 g) which on 
alumina chromatography gave 9deutwobornrme-2,3dione (@15 g), recrystallizd from light petroleum 
as needles m.p. 198-198~5°, v, 1778 and 1764cm-‘. 

3-Corbomethoxy-2.2dimethylcyclopentonecorboxylic acid (XIV) 
Treatment of XIII” (4.0 g) with NaOMe (1.46 g) in anhyd MeOH (12.2 g) at 0” for f hr gave 3-carbo- 

methoxy-2.2dimethylcyclopentonecarboxylic acid (4.72 & 98 ‘/$, recrystallixed from light petroleum as 
prisms, m.p. 93-93.5”. (Found: C, 60.1; H, 7.8. C,,,H,,O, requires: C, 600; H, 80%); v_ 1735,17lOcm-‘. 
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3-Carbomethoxy-2,2dimethylcyclopentanecarbonyl chloride 

3_Carbomethoxy-2,2-dimethylcyclopentanecarhoxyhc acid (4.70 g) and SO& (5.80 g) were warmed 
(80”) for lf hr and after removal of excess SOCll in uocuo gave 3-carbomethoxy-2,2-dimethylcyclo- 
pentanecarbonyl chloride as an unstable yellow oil (5.1 g) v, 1800, 1745, 1170 cm-‘. 

Diazomethane (from !2.5g of nitrosomethylurea) in 2OOml ether was added to 3-carbomethoxy-2,2- 
dimethylcyclopentanebonyl chloride (504 g) in ether (100 ml) and the mixture allowed to stand at 20” 
for 12 hr. Removal of solvent in WICW) gave a yellow crystalline deposit of ldiazoacetyl-3-carbmethoxy-2,2- 
dimethylcyclopentane (49g) recrystallized from light petroleum as pale yellow unstable needles, m.p. 
122-123” d v,, 3520, 3420, 2124 1740 cm-’ 

3-Carbomerhoxy-2Jdimemethylcyclopentaneace~ic acid 

I-Diazoacetyl-3-carbomethoxy-2.2dimethylcyclopentane (4.80 g) in warm dioxan (85 ml) was added 
slowly to a suspension of freshly prepared Ag,O (5.9 g) in a mixture of water (210 ml) and Na,S,Os (9.4 g). 
After 2 hr at 75”. the mixture was filtered and the filtrate acidilied with dil HNO,, saturated with (NH&X)* 
and ether extracted to give 3-carbomethoxy-22dimethylcyclopmtaneace~ic acid as an orange solid (4.1 g) 
which was recrystallized from light petroleum as needles, m.p. 115-118”; v, 1720, 117Ocm-’ d 0.70, 
1.15 (Chic& 3.73 (COOMe) (Found: C, 61.2; H, 8.3. C, ,H,sO, requires: C, 61.6; H, 8.5 %.) 
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