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-ids C7 were treated with VOFj ad VOCl, n&r a variety of co&ions. No coupled 
pducts were de&ted. However, k13 chloriud and side-cbaia oxidized products were obtaiaul from the VOC& 
oxkidon of 4 ad 7 respectively. l-be gene&y of the riug chbriuatkm rcactioo was amthmed by chlorination of 
simplc(knethoxypheaolslmdertbese~toyield17andZJ.IocatPin~21ruad22,intermdecular 
CVUphgtXCW8iUpN?fmaCetOC- 

The Type I Lythraceae alkaloids contain macrocyclic 
rings which include either a biphenyl (e.g. 1) or a 
diphenyl ether (e.g. 2).) These macrocycks are thought 
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to be formed biosynthetically by the intramolecular, aryl 
oxidative uxpling of a scco-precursor (e.g. 3): Indeed, 
several seco&aWs have been found in the same 

plants as the macrocyclic alkaloids? The apparent 
efkicncy of nature in generating several alkaloids from a 
common precursor at&acted our, as well as othas’, 
attention to such a sequence as a biomimetic route to 
these alkaloids.” 

Bobbit& d 1, have previously attempted to oxidize 
dipbeaol4withavarietyofreagents.6Innocasewen 
alkaloids or other identilkd products obtained. It occur- 
redtousthatthetertkrynitrogenin4mayhaveinter- 
fend with those coupling attempts. Thus, we Wy 
attempted the intramolecular oxidative coupling of a 
series of dkstexs as models which did not contain 
nitrogen (e.g. 8)).’ After coupling, the four carbon bridg- 
ing unit would have been removed and the coupled 
products incorporated into the quinolizidine portion of 
the alkaloids. These dies&s, however, could not be 
induced to cyclize under a variety of oxidizing con- 
ditions? 

Several new oxidant.~‘~ and new procedures for the 
protection of tertiary amines” have been introduced 
since Bobbitt’s initial study of the oxidation of 4. Thus, a 
reexami&on of the oxidation of 4 as well as that of the 
methylated derivatives 5, 6, and 7 is warranted. The 

4: R=R’=H 
5: R-H,R’=Me 
6: R-Me. R’=H 
7: R = R’= Me 
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route lltihd in tbe preparation of these substrates is 
outhoed in the S&me. It differs from that used pre- 
viously, in that tbe quioolixidinone, 9, was prepared by a 
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pcuc~ condensation;‘2 the stereoselective reduction 
of the ketones, 10, was accompIisbed with ~selectride;‘3 
tbeMRMgroupwasusedinmostcasesforblockiagthe 
pbenol.“Ibisisaroutesimilartothatutihxedinour 
synthesis of abresoRne.l* In fact axial alcohol 118” WBS 
an illtemlediatc ill tbat synthesis and hence serves as tbe 
starting point for a detaikd discussion of our present 
route. 

TransesteritWkn of methyl p-MEMoxypbenyl- 
propionate (I2a) with tbe quinolixidinol, llr, afrordcd 

OR 

12 

lo-12 

11 a: R-MEM 
b: R=CH&.Hs 
c: R=CHs 

13a Treatment of lj. with tri6uoroacetk acid (TFA) for 
2hr at 0’. afforded tbe diphenol, 4 (71% y-kid). If the 
TFA treatment was carrkd out for only 0.75 hr, a mix- 

ture of 4 and another product, containing one MRM 
group and believed to be 13b, was obtained. Retreatment 
of this mixture with TFA converted 1% into 4. The 
analogous removal of the protectiqJ group in 12a 
req&ed IShr, while deprotection of 1L was complete 
within OJhr. Variabk amounts of an unidentitkd polar 
side-product were obtained wben the deprotection of 13a 
was carried out at room temperature. 

Lo H iw H * 4-7 

OR 

6R’ k”, 

12 

a: R=K=MEM 
b: R=H. K=MEM 
c: R = K = CH&Hs 
d: R = MEM, R’ = CHs 
l : R = CH, R’ = CH.&Hs 

Thebenxylprotectinggroupwasakoutihxedina 
synthesis of 4 in order to confirm the structure of tbe 
product from tbe deprotection of 13a and in order to 
compare the efficiencies of the two routes. Thus, 13c6 was 
obtained from llband 12b as above. Hydrogenolysis of 13c 
atIorded 4 which was identical to that previously obtained. 
&cause of the previously reported difficulties in obtaining 
Ilb,” the MEM route was found to afIord better overall 
yields, although the removal of the benxyl groups in 13~ 
was found to be more reliable. 

Monophenol S was obtained by the facile deprotection 
of 13d which, in turn, was prepared from IIa and I2e. 
The other monophenol, 6, was prepared via 13e since the 
bcmyl group is more easily removed than the hfRM 
group at that isolated position. The trimetboxy deriva- 
tive, 7, was prepared directly from llc ad 12~. 

Many attempts were made to oxidize these substrates 
with the common vanadium (V) oxidizing agents, VOK 
and VOCl3 and tbe results of these attempts are sum- 
marized in tbe Table. Most of these entries represent 
several experiments under the same or similar con- 
ditions. Those experiments in which a temperature vari- 
ation is indicated were monitored by UC (5% methanol in 
chloroform: silica gel) on worked-up aliquots. Only 
starting material was observed until tbe highest quoted 
temperatures were reached. 

Rorane complexes” and hydrochloride or perchlorate 
saW have been utihxed to protect te&ry amines dur- 
iqj vanadium oxidations. The borane complexes of 4 and 
S were readily formed but were not stabk and reverted 
to the amines after a short time at room temperature. 
Thus, in most cases, eitlmr the preformed hydrochloride 
or the TFA salts, generated in sily were utilixed. 

From Table 1 it may be seen that in all cases VOR 
afforded either recovered starting material or a tarry 
material which appeared as a base&e spot upon tk. (Ibe 
polar diihenol 4 had an R, = 05 under these UC con- 
ditions.) In spite of the fact that this reagent is a prefer- 
red one for the intramolecular coupling of monophenols 
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Tabk I. Attempts at the oxidation of the xlkaloii precursors 

1303 

Substrate Oxidant prvaot Temperature Y 
(Tim h) Product (X Yield1 

VOFl 

VOFl 

VOF3 

voc13 

Vccl) 

Vocl) 

VOF3 

WP3 

vOc13 

VOF3 

=13 

ml3 

TFA-Ce~cl~ 

Cwlz 

CM$N-Cllc1J 

CBc13 

TFA-MC13 

cH3lx-CRC13 

CH2ClZ-TFA-TFAA 

Cli2C12-EtOAc 
TFA-TFAA 

l+c~;-EAc 

CB2Clz-TFA-TFAA 

C&Cl.yEtOAc 
TVA-TFAA 

CE2C12-TFA-TTM 

ClIzC12-TFA-TFM 

-lS'(Z).O'.RT(l) 

-7S'(l).RT 

-78'(2).RT(lb) 

-78'(1.5).RT(Z) 

-78O,reflux(3) 

-78'(1).rcflux(4) 

-78*(1),reflux(16) 

-lO.(O.S) 

-lO'(lOa) 

-78*.reflux(3) 

-lO.(O.S) 

-78*(l).raflux(3) 

-78'.rcflux(16) 

Polar tara 

Polar tars 

Polar tam 

+eolar tars 

FPolar tara 

Polar tarn 

i+Polar tarn 

Polar tars 

E(70) 

18(28)+x(33) 

orclictlm.‘6wewercunsbktoutilizeuli80xkfatioato 
giveani8olableproduct. 

when 4 was treated with voc13 tbc result8 were 

sligbtlydihrcnt.Inmmccasestbe formationofasmau 
amountofaksspolarpmduc&14,wasobserved.Tbe 
mass spedrum of 14 showed ions at m/c 493 (II+) and 
~(M+t2)inthecorrectratioforadichloride.Eachof 
the fraglm?nt ion!? (In/c 3% ad 328) correspoodillg to the 
loss of the @lydroxyph&prophlate g?oups ntains 
two&lorhes.SincetbearomaticregionintbeNMR 
spectrum of 14 integmted for only five protons, we 
codurkdtlmttbesukdithnhadoccwredintbe 
aromatic hg of the quinolizidh portion of the mole- 
cule.Thaasignedpoaitionofthebalogensinl4isbaaed 
on th obserdon that the C4 proton of 14 has a 
dowdeldresonance(84.27)comparedtoitspositionin 
the spectrum of 4 (8 3.4) aad by analogy with tbe sub 
stitution pattuna observed in tbc following model stu- 
dies. 

Vanadium oxytdlode treatment of quididinone 
9, a model for the hogen containhg portion of 4, 
ahdeda-hbrinatedprodu&U,asweUasan~ 
tba dichloro anupou& 14. The stntctd assignment of 
lSisbadontbeNMRspecbumwhichdi@ayeda 
two~M~, AB quartet at 8 6.67 idicative of ortbo 
coupled protons. The C4 proton resonance of 16 is 
furtbc~ downtkld (8 4.2) than that of l5 (8 3.8) indicahq~ 
the presence of an &itiold deshieMing polar group 
nearthtproton.OuradgomentofstrucWe16withthe 
ChbTk80~lUl4ipOmtOtbe OHgroupisalso 
just&d by the obsmation, noted below, that only 

monosubstitution occurs when the patn position is 
blocked. 

Methyl p-hydroxypbenylpropionate, a model for the 
other aryl ring in 4. was recovered unchanged from 
treatment with VOCL Methyl dihydroferulate, however, 
atlorded the monochhinated product 17. Thus, the 

8 

c-4 

H 

15: X=H 
15: X=CI 

&I 
17 
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presence of an o-methoxyphenol appears to be critical 
for this chlorination reaction. Schwartz d al. have also 
noted that chlorinatio~~ is a side reaction to coupling 
when this structural unit is involved.” In the case of 4, 
chlorination is the only reaction occurring. 

Since monophenol 5 is also an o-methoxyphenol, we 
did not attempt its oxidation with VOCI,, and the other 
monophenol, 6, atIorded only polar tars. The trimethoxy 
analogue, 7, however, alforded the unusual sidechain 
chkui&on and oxidation products, 18 and 19. These 
products were identitkd by their NMK and mass spectra 
as discussed in a previous communication.” In this case 
the VOCb appears to be functioning as a Ch equivalent. 

Following the observation of these chlorinations and 
the lack of couplint of these seco-alkaloids and models, 
we studied even simpler compounds under these con- 
ditions. Thus, the toluene derivatives 2622 were sub 
jetted to this treatment as models for the t&substituted 

OR' 

6Me 

20: R=H, R’=CHs 
?I: R=CH, R’=H 
22: R=R’=CHs 

benzene rings of the stco-alkaloids. As expected, treat- 
ment of creosol(29) with VoCl~ afforded S-chlorocreosol 
(23) which was identi6ed by comparison with an authen- 
tic sample.” Surprisingly, however, 21 and 22 afforded 
the biphenyls, 24 and 26 respectively, in excehent yields. 
These were the tIrst products of oxidative coupling found 
in the studyp0 The structure of 25 was confirmed by 
comparison of its m.p. with that previously recorded.” 
However, there was considerable discrepancy between 
the m.p. of 24 (1573) and that reported (192-4?p 
Therefore, the structure of 24 was confirmed by con- 
version to 29 by diaxomethane treatment. IWhermore, 
oxidation of 21 with K,Fe(CNk a&&d a sample of 24 
with the same me1 ’ tmgran9e as before. Oxidation of 21 
with benxoylperoxide a&&d a low yield of a mixture 
of products, the major one (3% yield) of which had an 
NMK spectrum similar to that of our sample. However, 
we were unable to crystallixe this sampk. Our sample of 
24 atforded a diinxoate whose m.p. corresponded to 
that rep~rted.~ Thus, 24 must indeed have the structme 
assigned. The m-p. discrepancy remains unresolved. 

Me0 O O me J3-G 
6Me 

2s 

The biphenyls 24 and 29 were also obtained when 21 
and 22 were treated with VOK.= Treatment of 20 with 
VOFJ atIorded at least two unidentihed products neither 
of which was the biphenyl 26. A sample of 26 was 
prepared, for comparison, from a by oxidation with 
IGFe(CNk.” 

MeO@@OMe 

bH dH 

In addition to the work of Schwartz, et 1” there is 
01lc other report of a tin9 chlorination with VOCI~.~ In 
this case substantial yields of ring chlorination products 
were obtained when o-allylphenols were treated with 
VOCI, at -7%” in ether. Substitution at the porn position 
appeared to be the initial mode of attack especially when 
that position already held a t-Bu group. In our case, the 
chlorination competes with coupling when there is an 
o-OMe group and the latter pathway is restricted by the 
presence of a pore-sub&sent (i.e. 17 and to) or by 
other factors (4 and 9). In addition, we 5nd o&o- 
chlorination to be the initial process. It appears that 
various mechanistic pathways are in operation including 
those which would accomodate the side chain oxidations 
observed with 7. Hence to advance a mechanism at 
present without further experimentation would be too 
speculative. 

A tinal conclusion which we may draw from this work 
is that the intramolecular coupling of the Seco-alkalOidS 

by these vanadium (V) reagtents is shrgtzish, if at all 
possible. This may be the result of some deactivation 
(electronic or stetic) of the aryl by the quinohxidine ring 
since 9 could not be coupled or of the inherent diUlculty 
in cyclix& to a 1Zmembered ring. It is likely that the 
successful synthesis of Ly&aceae alkaloids by this 
route will depend upon the employment of some sort of 
template to bold the aryl groups in the proper orientation 
for coupling. 
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suspension of sodium hydride (2 g; 42 mmole) in toluene (50 ml). 
After relhuing for 38min this mixture was cooled to (P aad 
4.5 ml (39 mmok) of q ethoxyetboxymethyl chloride (MEMCI) 
was added dropwise. After 4hr at room temp the soln was 
diluted with water and extracted with benzene. The organic layer 
was washed with NaOHaq and water then drkd (NasSO,) and 
concentrated. Chromatography of the residue [silica gel; 
hexane:benxene (l:l)] aEorded It (Sg: 48%). Further elution 
(benxene:EtOAc) atforded slightly impure Ma (1.68). IB (film) 
1735. cm-‘; NMB (CDCI,) 82.73 (m, 4H, -CH,CH,C(O~), 
3.33 (s, 3H. OCHs), 3.62 (s, 3H, C(O)OCHr), 5.20 (s, 2H, - 
OCHrO-), 7.00 (AB quartet, 4H, aryl). 

2 - (p - MEMoxyphenylpropionoyloxy) (a) - 4 - (3’ - hfEMoxy - 4’ - 
mrthoxyphenyl) (e) - tram - q&b&fine (Ma) 

A soln of lla” (3.65 P: 10 mmole) and 12a (2.5 a: 9.3 mmole) in 
8Omi xykne was‘ refh&d for 1 hr under a &m-Stark trap. 
About 25 mg of sodium hydride (5096 dispersion in oil) was added 
and the relhuing was continued for 6 hr. The cooled mixture was 
diluted with benxene (lOOmI), wasbed with water and 
NaHCQaq. and dried (Na&). Concentration of this soln ix 
oucuo aUorded an oil (6g) which was subjected to column 
chromatography. JBution with benzene-MeOH (19:l) aiforded 
4.5g (81%) of pure 13a as a viscous oil. IB (Mm) 1725, 1510, 
1100 cm-‘; NMB (CDQ) 6 280 (m, 2H, C(O)CH$ZHsAr), 3.30 

(s. 6H, 2x CHrCNX,), 3.80 (s, 3H, AtOCH,), 5.0 (6r, IH, )CH- 

O-C(O)), 5.17 and 5.27 (s, 2H each, 2x -O-CH&), 6.7-7.2 (m, 
7H, aryl): MS mlr 601 (M’), 512 (M+-MEM), 348 and 346 
(Mcster), 60 (Base). (Found: C, 66.05; H, 8.05; N, 2.28. Calcd. 
for C&,NOP: C, 65.87: H, 7.87: N, 2.3346.) 

2 - (p - Hyabxyphenylpropionyloxy) (a) - 4 - (3’ - hydmxy - 4’ - 

mdhoxypkcnyl) (e) - bans - quinokidine (4) 

TriRuoroacetk acid (TFA) (10 ml) was added dropwise to a 0” 
soln of Ma (0.5 g; 0.83 mmole) in 15 ml CH& After stirring at 
0” for 2hr the mixture was diluted with water and neutndked 
with NaHCOgq. The mixture was extracted with CHCb and the 
organic layers drmd and concentrated in uucuo. The resulting oil 
was muiJkd bv column chromatonraahv [C&L : &OH (95 : 5B to 
idTori 0.25g -(71% yield) of 171: -IB- (fiimj 3400 (br), ij25, 
1515 cm-‘; NMB (CDQ) 8 2.76 (m, 4H. C(0)CHsCH2Ar)), 3.88 

(s, 3H, -OCH,), 5.0 (br, IH, )CH-oc(O)). 5.93 (brs, 2H, 2x 

OH), 6.6-7.2 (m, 7H, aryl); MS (m/c) 425 (M’, base), 260 and 258 
(M+*ter). 

2 - (p - Methoxyphenylpropionoyloxy (a) - 4 - (3’ - MEMoxy - 4’ - 
nwthoxyphcnyl) (c) - trans - qwindiddirv (l&i) 

From the treatment of llr (3g: 8.2mmok) with 12$‘ (1.6g; 
8.2 mmole) as in the preparation of lh, 13d (3.6g; 83%) was 
obtained as a gum: IB (Mm) 1725.1510.1100 cm-‘; NMB (CD&) 
8 28 (m, 4H), 3.27 (s. 3H). 3.67 (s, 3H), 3.84 (s, 3H), 5.0 (br, lH), 
5.20 (s, 2H), 6.6-7.2 (m. 7H); MS (m/e), 527 (M’; base), 348 and 
346 (M’cster). (Feud: C, 68.14; H, 8.04, N, 2.63. Cakd. for 
C&,NO,: C, 68.29; H, 7.83: N, 2.6546.) 

2(p - Merhoxypheny~ropionoyloxy) (a) - 4 - (3’ - hydroxy - 4 - 

nwthoxyphenyl) (e) - turns - 9ninoliziak (s) 

From the treatment of 13d (280; 5.3 mmok) with TFA as 
above 5 (1.85g; 88%) was obta&d, after chromatography: IB 
(film) 3450 (br), 172.5, lSlScm_‘; NMB (CDCI,) 828 (m. 4H), 
3.85 (s, 3H), 3.88 (s, 3H), 5.0 (br, IH), 6.1 (brs, lH, OH). 6.6-7.1 
(m, 7H); MS (m/e), 439 (M+), 260 and 258 (M+cster), 172 (base). 
Erect moss. Cakd. for C&,NOs: 439.235% Meas. 43!U3!X. 

2 - (p - Benzy~oxypha~ylpmpionoyloxy) (a) - 4 - (3’,4’ - dimethoxy- 

phmyl) (c) - trans - quifwkkk (13e) 
From the treatment of 11~‘~ (0.4Og; 1.4 amole) aad 12b6 

(0.38 g; 1.4 mmok) as in the preparation of 13a. l3e (0.45 g; 61%) 
was obtained as an oil: IB (tlhn) 1730, 1510 cm-‘; NMB (CD&) 
62.8 (m. 4H), 3.7 (s, 3H), 3.83 (s, 3H), 4.97 (s and br m, 3H, 

-OCH& and )CH-O-C(O)), 6.7-7.2 (m, 7H). 7.30 (s, SH). 

2 - (p - H@ox~~~uI&~T~~MY/ox~) (a) - 4 - (3’.4’ - dinwthoxy- 

pheny/) (c) - balls - qldnokdk (6) 

Tbc lmuyl ether 1% (03 g; 0.57 mmole) was hydrogenated in 
EtOH over 10% Pd-C (2Omg). Ftition aml concentration in 
cucuo atforded an oil which was purhled by preparative UC 
[CHCI,: MeOH (19:l)l and recrystalhition (CHClrbenxene) to 
yield 6 (0.16g; 64%); m.p. l68-7p. IB (KBr)- 3250, 1725, 
lSlScm_‘: NMB (CDCIJ 2.8 (m. 4H). 3.83. 3.88 (2s. 6HI. 5.07 
(br. IH), 6.7-7.2 (m, 7@; MS (m/e) 429 ‘(M+). ‘274 and 272 
(M’cster), 191 (Base): Erad mass. Cakd. for Cs&,NOJ: 
439.2359; Meas. 439.2382. 

2 - (p - Methoxyphenylpfvpionoyloxy) (a) - 4 - (3’,4’ - dimethoxy- 

phalyl) (c) - tram - qldnobsw (7) 

From the treatment of 11~” (0.75g; 2.6mmole) with l2” 
(0.50 g; 26 q rook) as in the preparation of 11 oily 7 (0.88 g; 

75%) was obtained: IR (film) 1725, lSlScm_‘; NMB (CDCls) 
82.8 (m. 4H), 3.75, 3.83, 3.87 (3s, 9H), 5.0 (m. lH), 6.7-7.2 (m, 
7H); MS (m/c) 453 (M+), 274 and 272 (M’tJter), 169 (Base). 
(Found: C, 71.51; H, 7.86; N, 2.93. Cakd. for CzH,sNO,: C, 
71.48; H, 7.78: N, 3.0946.) 

Geneml procedures for oxi&tionc with VOF, 

(Ap A soln consisting 0.23 mmole of substrate in 2Omi 
CH+Zlx and 5 ml TFA was cookd to -15” and treated with 50 mg 
(0.4 mmok) of VOFs. After stirring at an appropriate temp for a 
period of time (Table) the mixhtrc was pound into a 10% citric 
acid soln and basifkd with N&OH. Extraction with CHCI, and 
removal of the solvent afiorded the crude product. Aliquots 
tahen during the reaction were worked up in the sang manner. 

(B)16 A soln of 0.23 mmole of the substrate in 25 ml CH& 
5 ml TFA, and 5 drops TFA anhydride (TFAA) was cooled to 
-10” under a N2 and treated with a soln of VOR (6Omg; 
0.5 mmok) in the minimum amount of EtOAc. The mixture was 
stirred for 30 mitt and auenched bv the addition of 10% citric acid 
soln. Basifkation with NH&H; extraction with CHCIs and 
removal of the solvent allorded the crude product. 

Oxidation of @heno/ 4 wirh VOCI, 
Isolation of 14. An ether soln of 4 (IOOmg; 0.23mmole) was 

treated with gaseous HCI and resulting ppt was removed by 
filtration ami washed with ether. A solo of this hydrochkridc salt 
in 2Oml acetonitrik and 5 ml CHCI, was cooled to -78” and 
treated with 100 pl (1 mmok) VOCIX under N2. After 1 hr tbc 
cooling bath was removed ami the mixture reflu&l for 4 hr. Tlk 
cooled mixture was treated with NaHCChao. extracted with 
CHCI,, and the organic layer dried (NaxSOI) and concentrated in 
uucuo. Preparative uc of the crude product (silica gel: 5% 
MeOH:CHCIr) atforded 14 (15mg; 13%): IB (film) 3400, 
1725 cm-‘; NMB (CDCI,) 6 2.8 (m, 4H), 3.88 (s, 3H), 4.27 (d of d, 
JI = 12 HZ, JZ = 3 Hz, lH, CCH), 5.1 (br, IH), 6.7-7.3 (m, SH); 
MS (m/e) 493 (M’), 495 (M+-2, 80% of M’), 328 and 326 (M+- 
ester), 149 (Base): Erect mass. C&d. for Cr,Hs&12NO~: 
493.1423: Meas. 493.1414. 

Oxidation of 9 with WC!, 
Isolation of 15 ad 16. To a soln of 9 (0.50 g; 1.8 mmok) in 

5OmiofCH~comaininglOmlofTFAand5dropsofTFAA 
at -78” under Ns was added 250 sl(2.5 mmole) of VOCls. After 
1 hr the cooling bath was removed and the mixture was refhued 
overnight. After work-up as before a crude product was obtained 
which contained, by tk analysis, 9 and minor amounts of two 
kss trolar materials. Separation bv tk &o&d 25 ma (5%) of the 
IJ& polar of these tvvo produ&, 15: NMR (CDCli) 83.8 (m, 
IH, G-H), 3.87 (s, 3H), 6.97 (AJ.Q, J = 9 Hz 2H); MS (de) 309 
(M’), 311 (M++2; 35% M+). 184 (base); Exact muss. Cakd. for 
C,&&lN~: 309.132; Meas.: 309.1110. 

of the Ok Product, 16. 3Omn (5%) ~88 obtained: m.o. 
129-31” (CHCb-C&); IB -(KBr)-3& .(br), 1710, 750cm-i; 
NMB (CDCl,) 6 3.87 (s, 3H). 4.23 (d of d, J, = 12 Hz, J2 = 4 Hz, 
1H. CcH), 6.78 (s, lH, aryl); MS (m/c) 343 (M+), 345 (M+ t 2; 

60% M’), 110 (Base); Exact mass. C&d. for C1J&C12N0,: 
343.0742; Meas.: 343.0754. 
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Oxidotfon of methyl dihydrofamlate t&h VOCI, 
Isolafion of 17. To a soln of wthvl dihvdroferulat9 10.2Oa: 

0.95 mmok) in 20 ml CH& contaiiiug 2-ml TFA and i & 
TFMat-78”wasadded#)O~l~mmde)ofV~~.Aftalhr 
tbc cooling bath was removed awl the soln *ed for 3br. 
Afterthenonnalworkupaodp&Icationofthecn&productby 
M distillation, 17 (0.17g; 73%) was obtained: JR (5lm) 
Uu) (br). 1735 cm-‘; NMR (CD&) 8 2.7 (m, 2H), 3.62 (s, 3H), 
3.78 (s, 3H), 6.07 (s, lH, 4H). 6576.72 (2d, J=2 Hx, 2x 1H. 
4): MS (m/r) 244 (M+), 2s (M+ + 2), 151 (Base); Exact mass. 
Cakd. for C,,H&Q: 244.0502; Meas.: 244.0520. 

~of7withVGCl, 
Isolationof lEaadl~.A~ot7(100~;0~mmok)~ 

treated with VcXll (loo PI; 1.0 IMWk) a.3 above. After reallxiug 
ovemigbt the mixture WBS worked up a.9 usual. Preparative UC 
(4% McOH-C!HC&) afforded two IKW compounds both of which 
wmlesspolarthpa7.Themonpdaroftbesewas11(3omp; 
28%): IR (fibll) 1710. laoo, 76ocm-‘; NMR (CrXlJ) 83.83 (s, 
-6H),3.85(s. -3H),5.2(br, lH).6.8(m,SH),7.84(d,J=9Hx, 
- 2H, aryl). 7.86 (s, - lH, C(O)C&CH-); MS (m/e) 485 (M+), 
487 W + 2; 43% Id+). 450 @4+-Q, 274 and 272 (M’cster). 191 
@as); Exact mass. Cakd. for CnH&NO,: 485.1969, Meas.: 
495.1955. 

TIE kss polar product was 19 (4Omg; 33%): IK (iilm) 1740, 
1615,760 cm-‘; NMR (CECl,) 8 3.80.3.83,3.85 (3s. 9H). 5.2 (br, 
1H). 5.68 (s, lH, C(OWXHCl-). 69 (m, SH), 7.53 (d, J = 9 
Hz, w); MS (m/c) 555 (M+), 557 (M+ + 2; 9096 M t ), 559 
(M+ t4; 4096 M’), 485 (M+-2Cl), 450 (M+-xl), 274 alxi 272 
(M’c~ter), 191 (Base); Exact mass. Calcd- for CnH&l,NO,: 
555.1346; Meas.: 555.13%. 

&&ion of ctwsol(19) with VOCl, 
Tnxtment of creosoP (Oa#)g; 15-k) with VOCl, aa 

above witb remuiqg ovmligbt$ work up as usual, and liltration of 
aben7.encsolnofthemixt0ethrongbsilicagel&rded2219 
(0.121; 49%). An analytical sampk was prepared by bulb-M& 
dktilktion. The spectra sod tbc tk behavior of this sampk were 
identical with those of an autbmtk sample. NMR (CDCI,) d 223 
(s. 3Ji’). 3.80 (s, 3H). 5.6 (br, lH), 6.48 (d. J = 2 Hz, Hi). 6.67 (d, 
J = 2 Hz, 1H). (Found: C, 55.W; H. 5.45. Cakd. for &H&Q: C, 
55.67; H. J-25%.) 

4,4’-W?pdroxlrJJ’-~~~2~-~h~~~~ (23). 
(A) Treatment of 20w @HI-; 1Smmok) witb VOCI, BS 

before (room temp for 3 hr) aad the nsual work up, followed by 
rccXy~n(bexPabbenzene )ottbeUUdCproductpffONkd 
23 (17Omg; 83%): m.p. 157-56 (lit.: 192$W);p NMK (CDC&) 
6 1.95 (s, 3H). 3.80 ((I, 3H). 5.65 (s, 2H), 657 (s, 2H). 6.77 (I, 2H). 
(Found: C, 70.14; H, 632. Cakd. for C,&O,: C, 70.06; H. 
6.5796.) S&&a-Baununn benzoylation ykkkd 4,4’diin- 

(B) Treatment of 20 (330 mg; 2.4 mmok) witb VO& (Method 
B) for 20 min at -l(P affo&d 23 (#)(I ma: 91%). 

-(C) Treatment of M (15Omg;‘ 1.1&k)‘witb K&C& 
(0.72 B) in tbc manner deacrii” &rdal23 (65 mg; 44%). 

(D) Tnotment of a benzene soln containing a (335 mg) with 
bcnzoyi peroxide (1 e) for 3 br at 5U’. followed by work w as 

2WXmethyl4,4’,5~-~~~~~ (24) 
(A) Tnrtment of 21(2tMJ mg 1.3 mmok) with VOCI, as above 

(*cd for 2hr) do&d, after rccrysUzation from CHClr 
ben?Ene, 24 (laoIt@; 81%): m-p. 117-tP (lit-: llW)P NMR 
(Cm,) d t-87 (S, 6H), 3.67 (S, 6H), 3.75 (s, 2H), 6.60 (S. W. 
(hundz C, 71.89; H, 7.39. Cakd. for C,&O,: C, 7150; H. 
73396.3 

(B) Treatment of 21000 nt&witb VOF, (Method B) for 15 min 
a#orded 24 (160 mg; 81%). 

(C) A soln of 23 (100 mg; O-36 mmok) in CH#&kOH (3 : 1) 
was treated with CXlXsS diazonletbane ovanigbt. After quench 
in with a few drops of AcOH, the solvent was removed to 
aiTord U (70 mg; 63%) identical with that previously obtaiaed. 
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