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Am--Reactloo of 2.2.dtmethyl-bhydroxymcthylenccyclohexanonc (IO) wtth hydroxylammc hydra- 

chlortdc produces a mlxturc of the tsomenc isoxazola I I and 13 The Icu prcdommant o4 these (13) IS 
the exclus~vc product from reaction of hydroxylamme hydrochloride wth the Isopropyl cnol ether of IO. 

and is converted by methoxldc tnto 6-cyano-2.2d~mcthylcyclohcxanone (14). Thus cyano ketone ll4) 

reacts with methyl vmyl ketone and bar to form I@cyano-4.4-dtmethyl-A’.7+ctalone (16). which IS 

hydrogenated exclusively to the corrapondmg rrans.7dccalone. 

The g-hydroxymethyknc dcrivatlve of octalone I6 IS oxldlrcd hy 23.dlchloro-S&dlcyanoqumone to 

I(kyano4.4dtmcthyl-X~fonnyl~A’~‘-7-hcxalonc (20) The latter reacts with the sodium cnolate of ethyl 

aatoaatate at both C-9 and C-S to produce the tncycIK adduct 25. hut with t-bury1 acctoaatate II under- 
goes Michael addition only at C-9 Trcatmcnt of the rcsultmg adduct 21 ulth ptolucnc~ulrontc actd brmgs 
about cleavage of the t-butyl group. decarboxylation. and aldol cyclodehydratlon to produa the trlcycllc 
dieoalionc 22. Lkhydrogcnatton of the latter with dtchlorodicyanoqumonc produces the tltk keto phenol 

23. This sequence IS a model for synthesis of various C-aromatn: tncycIK: dtterpenotds. 

Por.~cvc~tc diterpenoids of many degrees of structural and functional complexity 
occur in nature. In considering possible new synthetic approacha IO the various 
members of this family of natural products. WC were intrigued by the possibility of 
devising a sequence of reactions which would be applicable with a minimum of 
modification to preparation of a large number of naturally occurring diterpenoids. 
The present paper describes the general nature of the synthetic sequence which is 
being examined with this goal, and illustrates its apphcation to synthesis ofa model of 
the tricyclic ditcrpenoid nucleus. 

Illustrative of the types of diterpenoids we wished IO encompass in this program 
are such compounds as man&l (I), isopimaric acid (2). dchydroabietic acid (3), 
nimbiol (4). totarol (S), camosic acid (6). phyllocladene (71 and veatchinc (8). The 
rationale for our choice ofa synthetic sequence stemmed from consideration of several 
structural features which many such related tcrpenoids have in common : (a) an A/B 

l Abstracted m pan from the Ph D. dlsscrtatlon of R. W. ii, Indma l;mvers~~y. 1964. and the M.S. 

thests of P. G S.. lJo~ven~ty of Arkansas. IWS. 
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ringsystem whichisa4,4,IO-trisubstituted-tru~d~lin,*(b)4,4,I(lsubstituentswhich 
are methyl or carbon functions, and (c) additional substitucnts at positions 8 and 9. 
either as side-chains or further rings. On the basis of these considerations WC settled 
on a so-called A+B+C approach to diterpenoid synthesis, schematically depicted 
in Fig 1. Ring A was envisioned to originate as a trisubstituted cyclohcxanone carrying 
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the three ultimate A/B substitucnts (R’, R’ and R’). These three substitucnts would 
be chosen so that as many as possible of the diterpenoid A/B extranuclear oxidation 
patterns could be obtained by later synthetic transformation of the same set of 

l Throughout the dlscusslon we wll use the rterold-tcrpenold numbwng system shoun m structure 2 

to name trlcychc compounds. and the corrcqxndmg A:b ring numbering system IO apply IO hlcycltc 

mtermcd~atcs. J%e configuraftonal notations Q and 0 rndtule a wit or cu relatronshrp to the C-IO 

angular group. Although all synthcw compounds were exammad only m rp .nlc form the prefix DL IS 

omitted and only one cnantiomcr u depxwd In structural formulations 
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R’. R’ and R’. The B-ring would be added in a manner which would activate C-g 
and C-9 for attachment of the C-ring or side-chains, and as will be seen, we chose 
4,4,1C~risubstituted-7decalones as the appropriate bicyclic intermediates. The C-8 
and C-9 substituents were to be subsequently introduced as fragments which could 
be connected by 13.14-bond formation if a C-ring were desired or modified without 
13.14bond formation if bicyclic derivatives (e.g. 1) were the goal. Thesc fragments 
would also contain groups (R6 and R’) which could become C-ring substituents or 
additional rings (c/ 3,5 and 7). 

lO-Cyono-4.4-dim4rh~l-fruns-7-ducolone (16). The first stage of such a general 
synthesis involves preparation ofa suitable series of bdecalone derivatives containing 
the three extranuclear carbons in appropriate oxidation states. We have already 
recorded synthesis of one of these, I@carbethoxy4,4-dtmethyl-irons-7-dccalonc, 
by condensation of 6-carbethoxy-2,2dimcthylcyclohcxanone with methyl vinyl 
ketone followed by stercoselective hydrogenation of the resulting octalone.’ Although 
this intermediate was suitable for transformation to carnosic acid (6)’ for certain 
other objectives WC considered that an angular cyano group, with its smaller steric 
requirement and greater synthetic versatility, might be superior to the angular 
carboxyl. Thus for the model study WC set out to synthesize IO-cyano4,4-dimethyi- 
Irons-7dccalonc (17) via 6-cyano-2.2dimethylcyclohexanone (14). 
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22-Dimethylcyclohexanone (9) was most conveniently prepared by mcthylation 
of 2-methylcyclohexanone using potassium I-butoxide and methyl iodide in t-butanol. 
A number of alternate base-solvent combinations have been reported for this re- 
action, but most of them produce more or less complex mixtures of mcthylated 
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cyclohexanones in which the 2,Zdimethyl ketone is predominant.‘*’ The t-butoxide- 
catalyzed process, however, affords a relatively simple mixture in which the 2,2- 

dimethyl ketone is accompanied by its 2.2.6-trimethyl homolog as the only major 
contaminant in a ratio of about 4: I. 

Conversion of the dimethyl ketone to its cyano derivative 14 proved to be less 
direct than was anticipated. The classic sequent: for conversion of a cyclohexanone 

IO an a-cyanocyclohexanone has involved conversion of the ketone to its z-hydroxy- 

methylene derivative, reaction with hydroxylamine hydrochloride IO produce an 

isoxazole, and base-catalyzed isomerization of this intermediate IO the cyano 

ketone.‘. ’ Tins sequence would be unusually advantageous in the present instance, 

for its first step, condensation with ethyl formate, can be carried out directly on the 
mixture of ketones formed in the methylation reaction; only the 2,2-dimcthyl ketone 

in this mixture reacts, so the reaction represents a purification stage as well as a 

synthetic stage in the sequence. llnlike the reaction of hydroxymethylenecyclohexa- 
none’ or its 6-methyl derivative,’ however, oximation of 6-hydroxymethylene-2,2- 

dimethylcyclohexanonc (IO) produced the desirti isoxazole 13 in but 349/, yield; 

an isomeric isoxazole was the major product. That this product has structure 11 
is clear from its IR and IJV absorption (6.21 u and 222 mu. E = 3840) which are 

characteristic ofthe isoxazole chromophore. its base-stability (no protona to nitrogen), 
and its NMR spectrum. which showed the presence of one aromatic proton (2.0 r). 

II is probably also significant that the aromattc proton in this product is more strongly 

coupled IO the P-methylene (J = I c/s) than is that of the isoxazolc 13 (J unresolved, 
but less than I c/s); this relationship is expected for long-range coupling across a 

bond of order nearer IWO than one.’ 

Although analogous X4-disubstituted isoxazolcz have been produced in reactions 

of hydroxylamine hydrochloride with other x-hydroxymethylenecyclohexanones.’*’ 
they have mvartably been mmor products of the reaction. It is not clear why the gem- 

dimethyl group produces such a change in the product ratio. This is not a consequence 

of equilibration of the isomeric isoxazoles subsequent IO their formation, for both 

are stable to the preparative conditions. In spite of the fact that it seemed unlikely 

that the position of the hydroxymethylene ketone: aldo cnol equilibrium (18 S 10) 

would be responsible for this change, owing IO the rapidity of this tautomeriation 
comparerl with the probable rate of reaction of either tautomer with hydroxylamine, 

we did ascertain that the position of this equilibrium is not substantially different 

from that of the dcsmethyl analogs. The hydroxymethylene proton resonance of 
10 falls at 1.37 T which compares favorably with that of hydroxymethylenecyclo- 
hexanone (I.39 7’). Treatment of this datum as described by Garb&h’ leads to a 
value of 030 for the pertinent equilibrium constant. a figure which is quite similar lo 
that found by Garb&h for the cyclohexanone derivative.’ 
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In order to circumvent predominant formation of the “wrong” isoxazole, the 

hydroxymethylene ketone IO was converted to its isopropyl enol ether 12 prior to 

oximation. Although reaction of many enolic B_dikctones with hydroxylamine 

produces mixtures of isoxazoles corresponding to nitrogen attachment at each of 

the carbonyl carbon atoms, Weygand and Bauer* found that under certain conditions 

the corresponding enol ethers are transformed only to that isoxazole which corres- 

ponds to nitrogen attack at the cnol ether carbon. Furthermore, von Auwers’ 

reported that 6-ethoxymcthylene-2-mcthylcyclohexanonc reacts with hydroxylamine 

in methanol to produce an oxime at the cnol ether carbon. Thus this modification 

clearly offered promise of producing the necessary structural selectivity for our 

purpose. As anticipated, a quantitative yield of the correct isoxazolc (13) was pro- 

duced by this sequence, and a 58:; overall yield of cyano ketone 14 could thus be 

produced from 2,2-dimethylcyclohexanonc. Methoxide-catalyzed condensation of 
the cyano ketone with methyl vinyl ketone products the octalone 16 directly, rather 

than the intermediate diketone (15) as had been encountered in the angular carbcthoxy 

series.’ This enhanced reactivity toward cyclizttion of 15 is no doubt a consequence 

of the smaller steric requirement of the cyano group, which can more readily tolerate 
the developing diaxial methyl-angular group interaction in the transition state 

leading to 16 than can carbethoxy. Inasmuch as the isoxarole cleavage and the 
Michael addition are both base-catalyzed processes it seemed feasible to combine 

them into a single step, and indeed the bicyclic enone 16 is isolated m 6X”,, yield 

from the isoxazole 13 by exposure to mcthoxide, neutralization of part of the 
methoxide; and addrtion of methyl vinyl ketone. Hcna four steps are requrrcz to 
convert 2.2-dimethylcyclohexanone to the octalone 16 in 525<, yield. 

As in the angular ester series.’ hydrogenation of the octalone 16 affords a single 
saturated kctonic product. This keto nitrile was initially assigned the truns con- 
figuration 17 because the a-face of the octalone should offer less hindrance to catalyst 

approach than doe! the p-face.’ Substantiation of this relative configuration of keto 
nitrile 17 is ultimately found in its conversion to u~-sugiol~ and a number of other 

terpenoids which are known to contain the A/B trans ring-fusion. 

CN ctao- \ 
16 

21a: R - EI 

21): R = CMe, 

l lsoxazok cleavage IS nearly mstantancous in the prcseacc of an qulmolar amount of mcthoxldc. 

whereas the Michael reaction proc&ds WI&I lormatton of fcwa by-products with only tracx quantltla of 

base. 
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The C-ring sequence. If a tricyclic diterpenoid model with no carbon substituents 

on ring C is desired, the general plan at this stage involves attachment of a one-carbon 
fragment to C-8, activation of C-9. introduction of a three-carbon side-chain at 

C-9, and closure of ring C. In the model series we decided to employ the octalone 16 
rather than decalone 17 for this series of reactions, in order to learn whether a 5.6 

double bond could be retained through the sequence and thus be available if it 
were desired for introduction of B-ring functionality at a later stage. 

Condensation of the enone 16 with ethyl formate produces the hydroxymethylene 

derivative 19 in 94% yield. Exposure to 2,3dichloro-5,6-dicyanoquinone in dioxan 

solution” for 5 min converted this hydroxymethylene ketone to the g9-unsaturated 

aldehyde 20 in 60“; yield, thereby introducing the functionality necessary for attach- 

ment of the remaining ring C carbons to C-9. Conjugation of the double bond of 20 

with two carbonyl groups allows nucleophilic attack at C-9 to afl‘ord the highly 

stable enolate of a hydroxymethylene ketone (24). and hence the formyl dienone is 

extremely reactive toward such additions. Indeed. it is undoubtedly due to salt 

formation by such a nucleophilic addition KJ that the formyl dicnone is soluble in 
aqueous base, for such basic solutions have ultraviolet absorption which is similar 

to that of the hydroxymethylcne ketone 19 in base (34x mp, E 9HXl vs. 360 mp, 

E IO.500 for 19). 

Another example of the high reactivity of the formyl dienone 20 to nucleophiles 

was provided by the next step in the synthetic sequence. Only five minutes at room 

temperature in benzene with the sodium enolatc of ethyl acetoacytate was required 
for quantitative conversion to a one-to-one adduct. This adduct, however, clearly 

did not possess the desirti structure 2lq for although the NMR spectrum showed 

the presence of a hydroxymethylene group (singlet at I.73 r). a methyl ketone (singlet 

at 7.77 T), and an ethoxyl group (5.80 T triplet and 8.62 T quartet). thcrc was no 
resonance for vinyl protons either 31 or p to the ketone. An AB quartet resonance 
with chemical shifts at 6.78 T and 7.45 T and a coupling constant of 20 cis was indi- 

cative of a methylcne group at C-6, a to the ketone, and since its resonance showed 
no further splitting, there must be no proton on C-5. These data lead to structure 
25 for the adduct. and its other spectral properties are in accord with this assignment 

2s 
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(Experimental). This product is formed, of course, by a double Michael addition of 

ethyl acetoacetate lo the formyl dienone. ‘I‘hls interesting result, although it is not 

synthetically useful, is not totally without value, for formation of 25 indicates that 
nucleophilic attack at C-9 of the dienone is from the z-face of the molecule (axial), 

a pomt which will be of considerable importance when one is dealing with synthesis 

of terpenoids which are asymmetric at that center. 

Substitution of t-butyl acctoacctate for ethyl acetoacetate in the Michael addition 
produced the desired adduct 2lb. Apparently the steric requirement of the t-butyl 
group inhibits its incorporation into the more hindered tricyclic system of 25. The 

adduct 2lb consisted of a mixture of isomers, for its NMR spectrum showed reson- 
anccs from two acetyl groups, two hydroxymethylcnc protons, and two 1-butyl 
groups. Whether this isomerism involvcy difTerences in configuration at C-9, C-l I, 

or both was not unequivocally determined, for the isomers were not separated or 

subjected to further structural examination. However, the results of several analogous 

additions to be discussed in future publications lead us to believe that the dlfTerence 

is only at C-l I, and that the Michael addition proceeds exclusively from the s-face 

of the formyl dienone lo produce products with a 9P-hydrogen. 
Treatment of the crude adduct with p-toluencsulfonic acid in acetic acid brought 

about cleavage of the 1-butyl ester, decarboxylation of the resulting P-kcto acid, 

and aldol cyclodehydration lo form the tricyclic dienedione 22. This product was 
not purified, but its infrared spectrum has no carbonyl absorption below 598 p. 

Both this result and the appearance in the NMR spectrum of vinyl resonance charac- 
teristic of two protons z and one 0 to carbonyl groups indicated that stereoisomers 

of structure 26 were absent. Such preferential dehydration of the presumed l4- 
hydroxy-7.1 Zdiketone intermediate 27 toward C- I3 rather than C-8 has subsequently 

also hem found in several analogous series. Examination of molecular models 

suggests that this location of the double bond is somewhat less strained than the 
8.14 alternative when the C-IO C-9 configuration is syn,+ due to the steric require- 

ments of the C-ring. Inasmuch as the preparative conditions should produce an 

equilibrium mixture of the cnones 22 and 26 it is probably this steric factor which 

causes 22 lo be the isolable product. 

The crude dienedione underwent aromatization by dichlorodicyanoquinone to 
afford the kcto phenol 23. albeit in but 35’/;, yield. The structure of this product, 
the desired tcrpenoid model, was clearly evident from its UV. IR. and NMR spectral 
properties. With the exception of the diITerences expectod on the basis of the A-ring 

’ In addluon lo the formauon of compound 25. orha ewdence m related sews of compounds suggests 

that rbe 9-B (sm) conligurauon LS prevnl in 22 cf. fooloote on page 4257 of Ref9. 

This point will be discussal in derail as tl applies lo many of our iotemwdlata in a furure pubhcauon. 
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functionality, these were quite similar to those of the known keto phenol 28, a 
transformation product of podocarpic acid.” 

OH 

Adaptation of this type of sequence IO total synthesis of various naturally occurring 
diterpenoids will bc considered in future publications. 

EXPERIMENTAl 

IR spectra were obramcd on Perkm Elmer models 137. 137G. and 337 spcctropholometers. L’V spectra 

on a Cary model 14 spcclrophorometer. and NMR spectra on a Vanan A-60 spectrometer. Ftrsl-order 

multrplcts in NMR spmra arc dcscrlbcd by the abbrevtatlons (s) for smgkt. (d) for doublet. II) for trlplel. 

and (q) for quartet. with (m) tndtcatmg a more complex mulrlplel. <‘hem4 shifts. determIned rclatlvc IO 

Internal TMS. arc expressed m r MUIS and couplmg constants (4 m c:s. <iL<‘ was run on an F and M 

model 609 chromatograph with a 2-m lo”, slliconc SEX, on Chromosorb W column ustng N, as the carrier 

gas and a hydrogen flame tomzatlon detector Compslrmns of mlxturcs were csIImaIa.i as the ratios of pe;rk 

areas M.ps (corrcctcd) were taken on a mlcroscopc hot stage Microanalyses were by Alfred Bernhard!. 

Mulhclm. Germany. 

2.2-D1mrrhylc~~/ohrx~~~~ (9). This proccdurc was developal by N G. Schnautz in Ihcsc laboraloria 

and IS slmllar IO one subsequently reported. M A soln of 62.5 g (I.6 g atom) K in 1.8 I. rclluxmg I-butanol 

under a N, atm was placed ma cold water bath and 6Og(OsJ molt) 2-mcthylcyclohcxanonc wasaddcd over 

I5 mm: I5 mm later 142 g (I 0 mole) Mel was addcd over a I -hr period at a rate such that the Icmp rc- 

mamcd below 30 StIrrIng at room Icmp under N, was contmucd for 3 hr. The mixture wa poural into I I. 

water and cxtraacd ucth ether which was washed with bnnc. Ether and I.buIanol wcrc rcmovaJ by dIstIlla- 

Iton at atm press and the rcstduc was taken up m ether and drlcd over Na,SO,. I~tsrillat~on aflordal 53 8 

(78”,) of a calorlcss 011. b p. 17& I72 . c 2 9 (weak). 5.9. and 6 9 p GLC (I SO ) mdtcatcd the product IO bc 

approximalcly S”, , 2.mcthvlc~clohcxanonc, 25”. 2.2.6lrlmcrhylcyclohcxanonc. and 70”, Z.Zdtmcthyl- 

cyclohcxanonc + 

~H~dror)mrrhylmp-2.2.~1~r~~~~~~f~~~.~~o~ (IO) was prepared from the ah>vc mlxturc (709, 9 

bj GLC. b p I70 I72 ) by the proozdurc of Johnson and POS~IC ” The dlstlllcd hydroxymcthylcnc ketone 

IO was obtamcd m 91”, yield (based on avallablc d~mcIhylcyclohcxanonc) as a colorless 011. h.p IOX I IO 

04 mm) (rcportcd a 2 b.p. 79 X0 (I I mm)); e’s 5.88. 678. and 687 )I ; GLptuc 288 rnp (c = 5470). in 

ba.u 316 mp IL 7 I5.400). NMR (CDCI,) I 35 (s), 7 67 (mk and X X3 r (s) 

6-C y~o-L.2-d~mrfhylcyc~oluxano~ (14) /ram bhydroxymrrhyfcnr-L2-drmrrhylcyclohcxono~ (IOk This 

general proccdurc wax adapted from one by Johnson and Shclberg ’ A soln of 18.5 B (012 mole) of 

crude IO and 16.1 g (02.3 mole) hydroxylamtnc hydrochlordc m 120 ml glaoal AcOH was stirred for 

I9 hr at room Icmp under h, The solvent was removed by dl\ItllaIIon tn UKCYO. the ratduc war dlsrnbural 

between water and ether. and the aqueous phase was cxtractcd wtth ether. the orpnlc solns were washcd 

with YI NaHCO,aq and water and dried over Na,SO,. Removal d ether by dtstilhtron an 1’0~0 left 

14.3 g (X0”,) of a mixture of I I and I3 as a red 011. a: 6.1.6 2.6 75. and 6 X5 p 

l The I-butanol was prc\lously rcfluxcd over CaH, for 1 hr and Ihcn dlstlllcd .Ihc ?.mcIhylcyclohcxanonc 

and Mel were uud as obtamcd from the AIdrIch <‘hcmlcrl Compaq 

+ ‘I’hc product ratlo from Ihu prm vana somewhat from run IO run. There IS obtamal from 60 so”, 

of dIstIlled product which consists of 0 S”, 2-mcthylcyclohcxanonc. 65 8@‘, 22JImcIhylcyclohcxanonc. 

and 2&3(P(pk ~2.bInmcIhykyclohcxanonc Leu than P, of 2.6dimcIhylcyclohcxanonc is prcsenl. 
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The oil (0095 mok) w&s allowed lo stand I hr at room icmp In about 60 ml ether and 60 ml cold M&H 

contaming 5 g(O22 g-atom) dissolved Na. The rcsultmg mlxturc was cxtractcd with sa) ml water and ~CQ ml 

loo/, NaOH aq. and the aqueous solns were washed with ether. aoddial with cone HCl. and cx~ncled WIT 

ctkr. The extracts were washed with water. dried over Na,SO,. and evaporated IO kavc 4.8 8 (WY,,) ol a 

brown solid which wax rccrysiallized from cyclohcxrnc IO g~vc 3.2 g of I4 as brown pnsrns. m p, I I 3-I I 5’ 
(see spectral and analytical data below). 

‘The organr solnx were combmcd. washed with water. drKd over Na,SO,. and cvaporarai IO leave 6 5 8 

(46’,) of a red-brown oil which wax dlsttlkd IO afford II as a colorlerr 011. b.p I16 (3X mm). &:‘I 6 21. 

6.75. and 690~. c?“‘, 222 rnM (L = 3.840). NMR (<‘D<‘I,) 200 (I. J L 1) and X 67 I (I). (Eound. 

<‘. 7144. H. X.56; N. 9.39 C,H,,NO rcqulrcs: C. 71.49. H. X 67. 5. Y 26”.) 

bffyJroxymprhylrru-2.2-dlnurhyl~yrlohcxclnonr ~sopropvf owl trhrr (12). Thu proccdurc follows an 

analogous one of Johnson and POS\IC.” A mlxturc of 268 (0 17 mole) of IO (bp 110 II6 (Mmm)). 

368 (026 mok) anhyd powdered K,<‘O,. and 205 ml dr) acetone was rcfluxcd under N, whlk IV 8 

(@I55 mole) 2-bromopropanc was added dropwrsc durmg I 5 hr Rcflux was contmued for 4 hr. IX 8 (0 I3 

mokl K ,CO, was added. and 21 8 10 I71 mole) 2-hromopropanc was added dropwlu over a I hr pcrmd 

Rcflux was continued overnight. 21 g 2-bromoptopanc was added dropwisc during I hr. and reflux was 

contmucd for 7 hr The mixture was cooled. dllurai with I I cthcr. hltcrcd. uarhcd with hrmc. and solbent 

wasevaporated. The rcslduc was taken up m ether and dncd over Na,SO, and solvent was dlstllkd m ta(‘w 

to afford 30 8 @O”,) of a red oil Dlstdlatlon producrd I2 aa a colorless ml. h p 122 I IO mm). iz: 5 YX. 

629. and 6,xX p; NMR (CDCI,) 2 62 (I. J - 2). 5 7X lm. I = 61. X 72 cd. I = 7). and XXX : Is). 

bCyonf~2.2.dunerhvlrvrlohrrononr 114) frcmc h-h~drr~r~m~rh~Imr-2.2-d~mrrh~lc~cloh~rann~ twpropd 

rnol ether (I 2) This procedure n a modlficatmn of thou reported by Wcjgand and Baucr’ and by Johnson 

and Shclbcrg’ Ihc crude 12(30&O I53 mole) was 1rcAtd for ?I 5 hr a~ room tcmp with 21 3 g(t)306 mole) 

hydrorylammc hydrochlondc In 200 ml McOll. ‘The rcactmn was cxothcrmlc: and the soln slowly became 

bright red McOH was removed by dlstdlatlon. the rcslduc was dlstnhutcd bcrwccn water and ether. and the 

aqueous phase was extracted with CHCI, lhc orgamc solns were washed wtth NaHCO,aq and water 

and dnal over Na,SO,. and solvent was dlstlllcd tn IUUJ IO lcabc 36 8 of a dark red oil Dlstlllatlnn allnrded 

21 g (910/,) of I3 as a colorless ml. b p. I I I (2X mm). ;=‘I 6 13. 6 73. 6 XS. and 7 31 p. ;z?‘“” 227 rnb 

(c - 5400); NMR ((IX‘I,) 203 (5). 7 5X (ml. and 8 72 r (c) None of the ahsorptmns charactcrlsuc of II 

were prcscnt in spectra ol this sample 

The crude I3 m 200 ml ether was treated with IO0 ml cold M&H contalnmg I9 g (035 mole) McONa. 

Afta I hr at room tcmp the soln wax cxtraclcd with xx) ml waler and IWO I@&ml portions 1’. KOHaq. 

the aqueous solns wcrc acldlficd and washed with ether and CHCI,. and the extracts were comhmcd. 

washed with Jatcr. treated with Nont. and dncd over Na,SO, Removal of solvent by dlsrlllatlnn III t’uccy(> 

produozd 21 gl9I’. basal on crudcenol cthcrjnf I4as purple pnsms. m p. I I I I I6 Rccrpstallrratlon from 

cyclohcxanc produced 16 g (76 “,,) ol a purple solid. m p I .3O 134‘. which was chromatographcd over SIIICK: 

acti IO aflord colorlcu prisms.. m.p I I5 I20 Repealed rccrystalhlatlon from cyclohcxanc produced an 

analytical sampk as whltc pnsmr. m.p I I5 ‘; j.Ly” 4 43 (sharp. weak). 5 Xl (strongl and 6X8 TV. c:“, 

236mp(r. = 2YOOL 2XOm)r(~ = 5OAm bau 268mp(t = 13001. NMR (CDCl,)6 13(m),X+tO(s~and 890 r 

(s). (Found C. 7146. H.X 56: N.9 17. C,H,,NO rqulrcs. C. 71 4Y; I(. X.67: N.9 26”,). 

I~C’~Mo-4.6dimrrhy/~A’.7.~~r~~~~ (16lfrom 6~cyano-2 .?-dtmcrh~/r~c.k)hProno~ (I41 1h1s procedure 

was adapted from one developed by Wilds and Wersh ‘.I’ A soln of I5 5 g (0 IO? mole) of 14. m p I30 134‘. 

in 163 ml dry benzene uiu added IO IO? ml dry i:tOIi con1ammX I03 mg (4 5 mg-atom) dr\wl\nl NA. end 

the soln was slrncd at room 1cmp under N, whik a soln of I I 4 g (0 I64 mole) methyl vinyl ketone III 2Y ml 

dp EIOH and 82 ml dry knzenc was addal over 05 hr .Thc mixture was stlrrcd ovcmlght, poured Into 

500 ml bnnc. acidified with cone HCI. and extracted with CHCI, and ether ‘Ihc extracts were washed with 

I’, NaOH aq.dncd over Na,SO,.and dlstilkd IR WCYO’ toallorda forerun nf4+zthory-2.butanonc followed 

by IX.3 g (X8”,) of I6 as a colnrlers 011. hp. It I (04 mmL which wld~fial in white prisms m.p 72 74 ‘. 

Fractional suhhmatlon produad white prisms. m.p. 70 . iky’* 4 47. 5%. and 6 20 p: c?‘“” 232 rnp 

(c = 1X.900); NMR (CDCI,) 3 X7 Is). 860(s). and X,X0 r(s) (Found C. 7692; H. X 37. N. 6.X9 C, ,I~, ,NO 

rquira C. 76 Xl. H. 8 42, N. 6139”~). 



10-<‘~ano-4.4-dim4r~yf-A’-7-oc-lalonr (16)/ram flu tsoxozolr 13. A freshly-prepared wln of 0 7X g (0034 g 

aIom) of Na in 9 ml McOH was added IO a soln of 5 00 p WO33 mole) of 13. b.p 55 5X” (I 5 IOmml. In 

50 ml dry benzene ldrsrillai from Call,) under N, atm AfIer Ihrs mIxlure had been srrrrcd a1 room Iemp 

for 20 mm. a soln of 207 g (0017 mole) bcnrolc acrd m IO ml MeOH was added slowly with rapd sIrrrmg 

folloucd over the ncxi 05 hr by a soln of 3 73 g (00532 mole) freshly drsIlllcd merhyl vinyl ketone In 9 ml 

McOH and 25 ml benzene The mlxiurc was slured ovcrmghi. poured in10 100 ml brine, and a&Mcd wIIh 

cone HCI The layers were wyraicd and the aqueous phase was cxrracicd once wlIh eihcr. IWIOZ wIIh 

CHCI,. and agam with erher. the combmcd organic cxIracIs were washed wIIh lo, NaOHaq. drlal ova 

MXSO,. and dIsIlllai in cacuo IO yteld a ycllou 011. The 011 wa Iaken up in cyclohexanc and Iil1era.i through 

a shorr column d Florrsrl tvaporatron of solvcni gave 5 79 g (X6”,,) of I6 ac yellow crystals which were 

subhmal a1 ?I? (05 mm) to produce4 55 gl6X’,lof whIIc prisms. m.p 65 71 . Ihlssdmple had spccrra whI& 

were identical with those dcscrlkd abubc. 

lO-C’yano~.4dimtrh,-/-Irans-7-drcolo~ (17). A soln of 2 0 g (X 0 mmolrcl of 16. m.p. 72 74,. in 100 ml 

95”” ttOH was sltrrcd wrIh 0 5 g 30”. Pd C under H, a1 aim press Aficr 30 mm I.15 cqu~vs H, had been 

absorbal and absorpiion had aased The caialysi was remav-ed by IilIraIIon and rhe solven1 was dIsIIllcd 

rn LYICUO IO leave 2Og (100”~ of I7 as a colorless 011 uhrch solIdIlial IO yellowish prisms. m p, 59 60 

Fraclronal subhmatlon or recrysIalhzaIlon from penlane afforded the pure keione as colorless prisms. m.p 

59 60 ; c: 447 and SXJH: NMR f(‘DCI,l XW (sl and 9.IOr Is) (Found: C. 7602; H. 9.24; N. 6.92 

C, ,H ,,NO requires. (‘. 7605. H. 9 33, h’. 682”~. 

IM’rono-X-hydrox ,m4rhylrrrrl.4-dlrn~r~~/-A’.7.~~ff~~~~ (19) This procedure IS a modi6caIron of one 
h> Rmpold.rrol ” A soln of7 lJgI!4 5 mmolc\lof l61m p 7 2 74 I. 5 I ~169 I mmolc%I HC‘OOI.t..md WO ml 

Cnrenc was siirrai a1 room Iemp. 4.65 g 10 IM mole) Nati was added as a 54”, dlspcrslon In mmeral 011. 

and the resulting suspcnston was sItrrcd overnIgh under N, Ihc mlxturc war cxIracIod wIIh 500 ml waler 

and 500 ml I” o NaOHaq. and the aqueous solns wcrc washed wiIh ether. acldlficd wrrh cone HCI. and 

exrractal with ether which was washed wtth water. dried ow Na,SO,. and cvaporaled IO dryness IO 

afford 7 5g (94’~ of I9 as a yellou solid. m p IO6 I I I Subhmarlon yeldcd yellou prisms, m.p. IO9 , 
i.‘iyB 4.47.607.6.36. 6 90 and 7 OS p: j.z::/“* 243 mu fc r Il.4001. 30X m)r (c r 69001. In base 238 m)r 

(c = 16.SOO). NMR (<‘D<‘I,) 2 28 (s). 3 73 Is). X 63 (sl and X 75 I (s) (Found’ C. 72 6X; H. 7 39. K. 621 

C,.H,:NO, requires C. 72 70: IL 7.41. N. 6060~. 

I~C’~ono-X-/orm~I~4.4dtmprh~I-A’~’-7-hexclonr(20~.~lh1~ procedure IS a modrIicaIIon oftha of Edwards 

er ol.“‘Compound I9 f I3 mmoles. 3 g; m p. 106-I I I 1.2.3.dichloro-S.&dlcyanoqumone (3 g, I3 2 mmolcs) 

and 100 ml dloxan were swrrlcd unItI homogeneous, Ihe droxan was removed by dlsilllatron ur IU-W. 

and Ihc residue was chromaiographed over SO g SIIICIC acid and 5 g ftlrer ccl. Rapid elurron wlIh benzene 

afforded I 7 8 l57”J of ZOas yellow prisms. m.p. I IS I I7 , which upon subhmaIIon produced yellow prisms. 

mp II9 .&:‘I 4.45. 5 68. 5 X4. 599. 6.13 and 6 X5 p, i~~xt’w 237 rnI.t (c 2 Il.900). .307 mp (c - 990). 

in base 233 mp (L = 14.SOOl. .34X mu fc - 9030): NMR (UX~I,)O23 (sl. 2.58 (5). 3.55 (sl8.47 fs) and X 70 r (5). 

(Found. C. 73.1X. H. 6 62; N. 632 C,,H,,h’O, requires. C. 73 W. H. 6.59. N. 6 I I’,) 

I I -Arery/- 1 I -curh~Ihox~ I0-hydrox~mrrhylen~-9-~x~~-6.6~d~m~fh~f~2-~~~~rrr~~cfr~S 3 I 0’. ‘l~&cant 

(25). To a soln of 57 mg (0 437 mmolc) eihyl aceIoaceIaIc In 8 ml benzene was added 20 mg (0 437 mmole) 

NaH as a 53”, dispersion In mmeral OIL AfIcr bubblmg had ceased laboui 5 mml 100 mg (0 437 mmole) of 

20. m p I I C I 17 . w.15 added and IIK rcsulimg yellou green soln was swlrlal and allowed IO sland IO mm 

I hrcc drop of glacial AcOH were added and the rcsulimg soln was poured mIo W ml waler and exiracrcd 

with CHCI, ; this was washed with waler. dried over Na,SO,. and Iakcn IO dryness m L’QCUO IO afford I70 mg 

(106’.) of a yellow OII Chromaiography over 3 g ~IIICK acrd rcsulicd m eluIlon by knrcnc of Ihc addua 25 

as fhrrc prisms. m.p I I4 I21 Repealed rccrysIalluaIton from cyclohexanc afforded white pnsms. m p 

129 130 . ;ky” 445.5~XJ.5~97.611.630and6X5~,i~~”’m24Sm~f~=l3.~).~3mu(~-S600). 

m ba.u 240 rnp (L .- lO.OCQ 314 mp fc - 12.3001. NMR (CDCI,) I.73 fs). 5X0 Iq. I - 71 6.47 frl. AR 

syslcm (r* = 6 78. ?a - 7 45. J = 20). 7.77 fsl. X.62 Is). X 70 (I. I : 71 X,8X r (s) (Found. C 6648. Ii. 7.11 ; 
N. 3 94 <‘,,H,,h’O, rcqucrcs C. W83: H. 701. Fi;. 3900<) 

IO-C‘~unc~-12-h~drox)-7-ox~~l7-norpdt*_urpo-S.X.l I.l.i-trcroew (23~. Compound 20 I 100 mg. 0 437 

mm&. m.p. I I5 I 17’). and I-buIyl aceioacciaic “(7Omg.M43 mmolc)werc Ireala! ma manner analogous 

IO the preparaiion of 2!J The crude addurl amounicd IO I80 mg f loo”,) of brown gum, izy 2.95 (broad and 

weak), 4.45. 5 75. 5 80. 6 IS. 6 30 and 6.75 mp. h’MR (CDCI,) 203 Isl. 2.1X IS). 3 72 Is). 6 33 (m). 7 X0 1s). 

7.97 (s). X 57 (5). X.63 (c). X 67 (s) and X.72 r Is) 

The crude gum was refluxed under N, for 3 hr m I2 ml glacral A&Ii conlaming 7 mg p-IoluenesulfonIc 

acid and rbr A&H was removad by disIlllaIron tn LYICW. The resdue was Iakcn up in CIKI, which was 
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washed wtth sal NaH(‘O,aq and water. drlcd over h’a,SO,. and taken IO drjncss m r& LU) IO aflord I (J mg 
(looD/.) olcrudc 22 as a brown gum, c’l4.45. 5.70 (shoulder). 5.9X (very strong). 620 and 6.85 p; iz?‘” 
235 mp (c = 9otx)). 307 mp (c = 14.500); NMR (CDCI,) 2.63 (m) and 3.72 (m). 

Thts rcacllon IS ;I modlIicarmn of that of Rlnpokl and .T’urncr ” A roln of Cnx mp (I Y mmolc\) of rhc 

.tho\e crude gum. 417 mg I I X.5 mmolcsl ol 2.3.dlchloro.5.6.dlc)aooqulnonc. 30 ml dloxan. and a few mg 

p~lolucnct.ulfunlc acid was rclluxal (or I.? hr under N, The mlxturc u.t\ cooled. 145 mg 1x3”~) ol 2.3. 

dlchloro-5.6dlcyanohydrcyulnonc crystalhzcd as brown needles and was collected by cenlrlfugatlon. 

the soln was refluxcd 8 hr more, and upon coolmg 70 mg (17’“) more of rhc hydroqumonc was collec~al 

The dloxan was removed from the dark soln by dlsttllatmn tn IYICIY) and the rcssldue was taken up m SO 50 

erherCHCl, which was extracted wtlh NaHCO,aq. I”, NaOHaq. and water 

Ihe NaOH extracts were acldlfial with cone tICI and extracted with ether which was washed wtth water. 

dried over Na,SO, and dlstlllcd m I’WW IO leave 143 mg(20”,) of 23 as a brown \old which was fractionally 

subhmcd IO whltc needles. m.p. 26 I 262 .~.ts’101.44S.60~,h 32,and685 )1.>2?“‘*238 mp(r - 17.800). _, 

307 rnH (L = IO.800). In base 240 mu (c = lX.200). 373 mu It .’ 14.100): NMR (CD,COCD,) ABC system 

(i* = 242. rB - 2 77. I( - 2 95. J&B - 0. J,, - Y. J., 7 31. 3 C7 Is). 8 47 1s). and X 70: (s) (Found C. 

7641, Il. 6.49. N. 5 37. C,.)I,.NOJ rqu1res.C. 76.38: H. b4I. N. 5 24’.). 
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