
Dimerization of Methylcytosine Derivatives J .  Org. Chem., Vol. 42, No. 25, 1977 4127 

red color characteristic of tertiary phosphines" but decolorizes iodine 
instant1yls. 

If the solvent for recrystallization is methanol, the outcome depends 
on the severity of the treatment. When the phosphonium salt 1 (10.00 
g) was gently warmed with methanol (50 mL) until the solid just 
dissolved and the solution was cooled rapidly and filtered, part of 1 
(3.20 g, 32.0%) was recovered unchanged (mp, IR). The filtrate, con- 
centrated to half its volume, yielded 0.16 g (5.2%) of 2. When 1 (3.00 
g) was recrystallized from hot methanol (25 mL) as described above 
for ethanol, the first product to separate was 2 (0.15 g, 16.4%), none 
of 1 being recovered. When a solution of 1 in methanol was heated for 
30 min at reflux prior to workup, neither substance could be isolated 
from the gummy mass that resulted. 

B. From 3. The tertiary phosphine 3 (2.000 g, 5.15 m m ~ l ) ~  was 
heated in ethanol (50 mL) at reflux for 4 h under nitrogen. At first the 
3 dissolved, but within 30 min white solids started to separate and 
were removed from time to time as the reaction proceeded, giving 
fractions of mp 95-97 O C  dec (0.200 g), 128-148 "C (0.114 g), and 
160-163 O C  (0.058 8). The third fraction was identified (IR, NMR) 
as 2 (7.5%). The residue was a pale yellow oil: 1.260 g; n20D 1.6387; IR 
(neat) 3400 (vs, NH) cm-l. 

Pure 2, free of solid by-products, was obtained in 2.1% yield by 
stirring a slurry of 3 (0.500 g, 1.29 mmol) in ethanol (20 mL) in a 
stoppered flask for 16 hat  25 O C .  The yield of 2 was improved to 17.2% 
when the reaction was carried out in the presence of 0.039 g (1.29 
mmol) of dissolved paraformaldehyde in an abortive attempt to 
prepare the methylene-bridged derivative 4. 
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Irradiation of cytosine and its 1-methyl, 4-methyl, 1,4-dimethyl, 4,4-dimethyl, and 1,4,4-trimethyl derivatives in 
acetone or acetone-water solutions with 313-nm light produces the corresponding derivatives of cyclobutyldicyto- 
sine (cytosine dimer, Cyt<>Cyt) with yields ranging from 14 to 86%. Under mild acid conditions, Cyt<>Cyt 
derivatives can be converted to the corresponding isomers of uracil dimer (Ura<>Ura) by deamination. This allows 
the stereoconfigurations of various Cyt<>Cyt to be determined by comparing with the corresponding isomers of 
Ura<>Ura and MelUra<>MelUra. Except for Cyt, which forms (t,a) Cyt<>Cyt in addition to the (t,s) isomer, 
the others yield only the (t,s) isomer. In F3CCOOH, (t,a) Cyt<>Cyt is decomposed to Cyt, while syn dimers are sta- 
ble. These Cyt<>Cyt derivatives display the AB or AA'BB' patterns in the NMR spectra, determined in F3CCOOD 
at -2 "C. The mass spectra of these dimers resemble those of the corresponding monomer. N4-unsubstituted di- 
mers (U), Cyt<>Cyt and MelCyt<>MelCyt, have A,,, -245 nm and cma, -10 000; N4-monosubstituted dimers 
(M), Me4Cyt<>Me4Cyt and Me21s4Cyt<>Me21v4Cyt, have A,,, -250 nm and e,,, -15 000, and N4-disubstituted 
dimers (D), Me24,4Cyt<>Me24j4Cyt and Me&4~4Cyt<>Me31*4~4Cyt, have A,,,'-260 nm and emax -20 000. These 
batho- and hyperchromic shifts indicate that the amino form is predominant in D and the imino form in U. In M 
both forms may be more evenly distributed. This assumption is further verified by the spectral characteristics of 
Me&3Cyt<>Me21r3Cyt, which was synthesized because it could exist only in the imino form. IR and deuterated 
IR spectra were also studied ( U N H ~ U N D  = 1.33) in order to gather additional evidence for a possible amino-imino 
tautomerization for these CytOCyt derivatives in polar and nonpolar solvents. This information should be of im- 
portance to the photochemistry and photobiology of nucleic acids. 

There is evidence to  show that  cyclobutane dipyrimidines 
containing cytosine [such as cytosine dimer (Cyt<>Cyt) or 
cytosine-thymine dimer (Cyt<>Thy)] are produced as pho- 
toproducts in DNA or polynucleotides by 280-nm irradiation1 

or possibly by photosensitized dimerization.2 These Cyt- 
containing hetero- and homodimers were found1 to  be 
monomerized by shorter wavelength irradiation more easily 
than their corresponding Ura and Thy dimers and DNA 
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Table I. Preparation and Properties of N-Methylated Cyt<>Cyt 

Acetone- Irrad Derivative of Cyt<>Cyt 
CYt Registry water, Temp, per 

CYt 71-30-7 67-33 3 50 18 >280 0.00 0.02 0.07 
1-Me 1122-47-0 85-15 3 168 20 >280 0.02 0.06 0.21 
N4-Me 6220-47-9 85-15 3 96 42 >280 0.02 0.03 0.23 
1,N4-Me2 6220-49-1 100-0 20 65 36 >280 0.03 0.15 0.23 
N4%4-Mez 6220-48-0 95-5 3 168 86 275-278 0.07 0.44 0.50 
1,N4,4-Me3 2!228-27-5 100-0 20 72 14 260-268 0.13 0.55 0.46 

0 Silica gel with eluent B. Cellulose with eluent B. c Cellulose with eluent A. 

photolyase in the presence of visible light (photoreactivation), 
to  inhibit in vitro nuclease activity and affect DNA synthesis 
like Thy<>Thy, and to  be excised from the DNA of radia- 
tion-resistant bacteria at the same rate as Thy<>Thy. Despite 
the biological implications of these C y t O C y t  derivatives, 
their nature has not been fully characterized due to  the fact 
that these compounds are exceedingly labile under general 
experimental condition~.3-~ In order to  clarify the detailed 
nature of various Cyt<:>Cyt derivatives and this dimerization 
process, studies have been carried out with N-methylcytosine 
derivatives6 and the cytosine  nucleoside^.^ Due to  the ap- 
parent stability of these N-methyl Cyt<>Cyt, it  is possible 
to  gain insight into the chemical characteristics of these di- 
mers, and such knowledge can serve as a basis for a better 
understanding of Cyt dimers of nucleic acid components (in 
preparation). 

Exper imenta l  Section 
Syntheses of N-Methylcytosine Derivatives. Preparation of 

4-Thiouracil (Sra). The compound was prepared according to the 
procedure of Ueda and 

S-Methyl-4-Thiouracil (Me4Sra) and NL,S-Dimethyl-4- 
Thiouracil (Me~'8~Sra). These compounds were prepared according 
to the methods of Wheeler and J o h n ~ o n . ~  

Preparations of Various N4-Methylcytosine Derivatives. 
Me4Cyt, Me~l.~Cyt,  Me:!4!4Cyt, and Me3lv4j4Cyt were prepared ac- 
cording to the methods reported in references 10-13, respectively. 

Preparation of 1-Methylcytosine. MelCyt was prepared ac- 
cording to the method 01' Fox and Shugar.14 

Preparations of W-Methylcytosine Derivatives. Me3Cyt was 
prepared according to the method of Brooks and La~1ey . l~  

Irradiation of N-Methyl Derivatives of Cytosine. Irradiation 
Apparatus. These irradiators have been described previously16 and 
are equipped with a bank of seven Sylvania fluorescent lamps 
F15TUBL. 

Irradiation Experiments. In Table I, the specific conditions are 
presented. The following is the general procedure. The compound was 
dissolved in acetone or acetone-water to give a 20 mM solution. This 
solution was transferred to quartz tubes and was flushed with argon 
for 30 min before irradiation. The tubes were sealed with paraffin 
films, and the irradiation was carried out either at ambient or cold 
room temperature. The dimer formed was deposited during the ir- 
radiation. It was collected by filtration and washed with acetone. The 
filtrate and acetone washes were combined. After concentration at 
reduced pressure, the residue was applied on preparative TLC plates 
(silica gel, 603-254, Merck or 13254 cellulose, 6065, Eastman) and the 
eluents were (A) n-PrOH-water (10:3) and (B) chloroform-metha- 
nol-water (4:2:1) + 5% of methanol to the organic phase. The Rj values 
are listed in Table I. 

Determination of Stereochemistry of Dimers. Deamination 
of N-Methylated Cytosine Dimers. Acid-catalyzed deamination 
of dimers was carried out with 5 mg of the dimers dissolved in 1 mL 
of 0.1 N HC1. The resulting solution was allowed to stand at room 
temperature for 48 h. The deposited crystals were collected. Its 
identification was established by spectral comparison with known 
stereoisomers of derivatives of Ura<>Ura. 

C and N Methylation of Me'Ura<>MelUra to Form 
Mez'~~Thy<>Me&~Thy. This synthesis was accomplished with a 
novel procedure reported by Taguchi and Wang.17 

Spectral Determinations. Ultraviolet and infrared (KBr pellets) 
absorption spectra were recorded on a Beckman Model DK-1 and a 

Perkin-Elmer Model 21 recording spectrophotometer, respectively. 
Nuclear magnetic resonance spectra were obtained on a Varian 
220-MHz spectrometer. (CD3)zSO was used as solvent at 22 "C; 
however, at -2 "C, CF3COOD was used instead. (CH3)dSi was the 
internal standard. Mass spectra were obtained on a CEC-21-110 mass 
spectrometer at 70 eV ionizing voltage and a source temperature of 
250 "C. 

Results and Discussion 
It is well known that  facile deamination occurs with dihy- 

drocytosine (hCyt) derivatives.18 Because of the instability, 
studies involving hCyt compounds are, in general, perplexing. 
In photochemical studies, photohydration of Cyt derivatives 
has proved to be problematic in the isolation of the product, 
a ho6hCyt derivative.lg This predicament again has impeded 
the progress in the studies of photodimerization of Cyt de- 
rivatives. In  order to gain a satisfactory understanding of the 
nature of Cyt dimers (Cyt<>Cyt), acetone-sensitized pho- 
todimerization studies of N-methyl-substituted Cyt deriva- 
tives have been carried out. The  advantage of selecting these 
derivatives is twofold. First, "-methyl derivatives are an- 
alogues of biologically active compounds, Cyd, dCyd, or CMP; 
and, second, N4-methyl derivatives may afford information 
concerning an important issue, Le., the nature of amineimino 
tautomerism of the C4-NH2 moiety in the Cyt<>Cyt and 
possibly hCyt derivatives in general. 

Photosensitized dimerization of the Cyt derivatives in 
the presence of acetone with mainly 313-nm light gave cy- 
clobutyl dicytosines (cytosine dimers, Cyt<>Cyt) as expected. 
Unexpectedly, we often found tha t  crystals of a pure stereo- 
isomer deposited directly from reaction solutions. This is in- 
deed an  added advantage in using these MeCyt derivatives 
as model compounds and has facilitated our study. The  
product yields of these various dimers and their respective Rf 
values are given in Table I. 

Determinations of the stereoconfigurat ions of these 
Cyt  dimers required an approach that is outlined below. This 

I I 
0 0 
II 

CH, CH3 
[ Me2Thy< >Me2Thyl 

CH ~ 

[ Me'Ura] 
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Table 11. Acid-Catalvzed Deamination and SDlittine of Various Cvt<>Cvt and Related Dimers 

Dimer 

Cyt<>Cyt 
MelCyt<>MelCyt 
Me4Cyt<>Me4Cyt 
Me~Wyt<>Me2l>~Cyt  
Me24,4Cyt<>Me24,4Cyt 
Me&4s4Cyt<>Me31,4,4Cyt 
MelUra<>MelUra 
Ura<>Ura 

Product 

Ura<>Ura 
MelUra<>Me'Ura 
Ura<>Ura 
MelUra<>MelUra 
Ura<>Ura 
MelUra<>MelUra 
No change 
No change 

Yield, YO 
Stereoconfiguration In 0.1 N HC1 In F3CCOOH 

33,530 31 (45% CytIb 
57 
70 70 
75 60 
62 
72 82 

a Estimated from IR spectral data. * .4nti dimers decompose in strong acid media to the monomer. 

Table 111. Chemical Shifts of N-Methylated Cyt<>Cyt 

Chemical shifts (6, ppm from Me&) 
Dimer N1CH3 (s) N4CH3 (s) CSH (d) [J] C6H ( d )  [JI 

c yt < >Cyt 

MelCyt <>Me'Cyt 
Me4Cyt<>Me4Cyt 
Me&4Cyt <>Mez1s4Cyt 
Me24s4Cyt<>Me24r4Cyt 
Me&4v4Cyt < > Me3l~~9~Cyt 

4.57 (dd)c 5.12 (dd)c 
4.76 [7] 4.85 [7]  

3.44 4.73 [7] 4.88 (71 
3.30 3.42 4.64 [7] 4.86 [7]  

3.65, 3.69 4.50 [6] 532 [6] 
3.29 3.60, 3.64 4.50 [6] 5.36 [6] 
3.00" 2.83a 3.74 [6]" 4.03 [6Ia 

These values were estimated at 22 "C in (CD&SO and the other values were determined at -2 "C  in F3CCOOH. Coupling constants 
are given in brackets and in Hz. c These chemical shifts are for the (t,a) isomer, but all the others are for the (t,s) isomer. 

approach necessitated the study of MelUra photodimerization 
(Taguchi and Wang, in preparation) and the development of 
a new method of C-alkylation of Pyr<>Pyr.I7 Alternatively, 
structural elucidation by means of x-ray diffraction analysis 
of a single crystal can be used.20 In pursuing this chemical 
approach, several interesting findings were also noted and are 
being reported elsewhere. Apparently, under the mild con- 
dititions for deamination (Table 11), Cyt<>Cyt were con- 
verted to  the corresponding Ura<>Ura in fair yields and, a t  
the same time, we found that  all four isomers of Ura<>Ura 
and of MelUra<>MelUra were not affected. On the other 
hand, with trifluoroacetic acid similar results were obtained 
for the syn isomers of Cyt<>Cyt, but anti isomers were split 
quantitatively to  the corresponding monomers. Except Cyt- 
<>Cyt, only the (t,s) isomer was obtained for all five N- 
methylated Cyt<>Cyt. This finding agrees with that observed 
in photosensitized dimerization of Me6Ura.z1 Such (t,s) isomer 
formation was shown not to  be influenced by the solvent di- 
pole moments. Therefore, the possibility that a 3 ~ * , ~  complex 
or a collision complex having a head to  head or syn arrange- 
ment precedes the formation of the dimers and determines 
their configurations should be considered. This suggestion was 
madez2 for cyclic enones; however, it seems not only applicable 
to  Me6Ura but also for Cyt derivatives having a somewhat 
different ground-state electronic configuration. 

T h e  NMR spectra of these dimers  are given in Table 111. 
These dimeric molecules have a t  least one symmetry axis; 
therefore, the AB or AA'BB' patterns displayed are those 
expected. Because of the low solubility of the dimers in 
(CH&SO, F3CCOOD had to  be used for NMR determina- 
tions. In order to avoid acid-catalyzed splitting of these dimers 
a t  room temperature, -2 "C was maintained during the study. 
However, (t,s) isomers were proved to  be the only photo- 
product in these reactions and this precaution was, in effect, 
not imperative. As expected, there was considerable upfield 
shift for these signals in neutral solvent as seen in Me- 
31,4,4Cyt<>Me31,4,4Cyt which has sufficient solubility in 
(CH3)zSO. 

T h e  mass spec t ra  of these dimers  resembled those of the 
corresponding monomers. Apparently, cleavage across the 
cyclobutane ring of the dimers generates abundant ions, and 
subsequent fragmentation of which are equivalent to  the re- 
spective ionized monomers.23 

T h e  UV spectral d a t a  of these dimers are listed in Table 
IV. Both the solvent and pH effects have been studied. Two 
features are apparent: one is the -5-nm bathochromic or red 
shift of A,,, for each N4CH3 group and the other is the -5000 
hyperchromic effect of emax also for each N4CH3 substituent. 
Therefore, these dimers were divided into three categories: 
N4 unsubstituted (U),  N4 monosubstituted (M), and N4 di- 
substituted (D) for our consideration. The reported values of 
A,,, and emax of hCyt (239 nm, 11.3 x IO3) and MelhCyt (243 
nm, 10.5 X 103)24 may serve as the basis. Because U can be 
considered as derivatives of hCyt with substituents on C5 and 
C6, one would expect slight bathochromic shifts as have been 
observed. However, the molar extinction coefficient (e,,,) for 
U should double that  of the monomeric hCyt because each 
dimeric molecule contains two identical chromophores. Yet, 
the tmax values estimated were only -10 000 for U rather than 
-20 000 as expected. For M, A,,, are shifted as anticipated 
and emax a t  -15 000 are again lower than those expected. 
Distinctively, in the cases of D, both emax and A,,, observed 
are as anticipated. This suggests that only D may possess the 
same chromophore as the monomeric hCyt and MelhCyt. One 
obvious possibility is the amino-imino tautomeric equilibri- 
um, as shown, which could occur with U and M but not with 

NHR NHR N R  NR 

amino form imino form 
D. This possibility was considered in the cases of hCyt and 
MelhCyt monomers.24 From the pK, value of MelhCyt in 
aqueous solution, these authors estimated the amino-imino 
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Table IV. UV Spectra of N-Methylated Cyt<>Cyt 

Registry 
Dimer no. Concn (mM) Amax (nm) x 10-3 Solvent [pH] 

N4 unsubstituted (U) 
Cyt<>Cyt 64161-45-1 0.073 243O 10.4 HzO [9.01] 

243 10.3 HzO [7.02] 
(219) (8.65) HzO [2.03] 

MelCyt<>MelCyt 64103-42-0 0.064 246 9.56 HzO [9.03] 
246 8.85 H2O [7.05] 
(219) (8.42) H2O [2.02] 
end absorption CH30H 

CH30H 

64082-05-9 

64082 -06 -0 

N4 monosubstituted (MI 
0.069 248 

235 
0.033 248 

234 
0.088 253 

236 
0.076 252 

234 
0.038 249 

233 

15.1 H20 [9.04] 
13.4 
14.1 
15.0 
14.8 HzO [9.01] 
12.5 
14.4 CH30H 
14.6 

CH3CN 
14.1 

CHBOH 

9.67 

N4 disubstituted (D) 
Mez4v4Cyt < > Me24,4Cyt 64082-08-2 0.052 258 19.1 Hz0 [9.00] 

0.039 251 20.0 CH30H 
0.054 253 19.5 CH3CN 

0.045 261 19.8 CH30H 
0.030 255 19.8 CH$N 

Me31s44yt<>Me&4j4Cyt 64082 -07 - 1 0.031 263 18.8 HzO [9.01] 

(1 A,,, in italics indicates a shoulder in the spectra. The values given in parentheses are approximate because acid-catalyzed 
deamination is likely to occur. 

tautomeric constants ‘to be approximately 25, greatly in favor 
of the amino form. 

Consequently, one may conclude that  hCyt moieties in di- 
mers are likely to have X,,, >240 nm with tmax -20 OOO, if they 
should exist in the amino form. On the other hand, if both are 
present in the imino form these dimers should have A,,, <230 
nm with tmax -10 000. Thus, in aqueous media, it is probable 
that  the amino form is predominant in D and the imino form 
exists largely in U. In M, both forms may be more evenly dis- 
tributed. 

In less polar solvents, CH30H and CH$CN, an hypochromic 
effect in the 250-nm region for U and M is apparent. The effect 
results in the appearance of only end absorption or a decrease 
in emax. On the contrary, little change in emax’s was observed 
for D, although there is certain blue or hypsochromic shift. 
This shift is a trend expected for a XA* band in less polar 
solvents.25 Any decrease in e in the 250-nm region with a 
concomitant increase in the <230-nm region may be inter- 
preted as evidence of ti shift of equilibrium from an amino to  
an imino form. Thus,  we may assume that  the contribution 
of the imino form in the dimers would increase with decreasing 
polarity of the media. 

For verification of this assumption, photosensitized di- 
merization of Mez1v3Cyt was carried out. With the N3-CH3 
group, this monomeric compound could exist only in the imino 
form, as shown. Although Me&3Cyt in an ethanolic solution 

NH NH NH 

CH j CH, 

gives rise to  a UV spectrum with A,,, a t  223 and 273 nm and 
emax of 10 000 and 8500, respectively, its reduced product 
Me~l9~hCy-t in an aqueous solution has A,,, 227 nm with tmax 

12 OOO. As expected, Me&3Cyt<>Me&3Cyt, which could exist 
only in the imino form, has an tmax of 9OOO at  228 nm in water. 
In both CH30H and CHBCN, this dimer shows only end ab- 
sorption. This observation corroborates our interpretation of 
UV spectra of these dimers. 

A study of the infrared spectra of these dimers was also 
undertaken to  gather additional evidence for this amino- 
imino tautomerization. In principle, on deuteration of an 
imino-” band, i t  would shift to  a lower frequency with an 
isotopic ratio, U N H ~ U N D ,  of 1.375.26 This method has been used 
for the study of such a tautomerization in heterocyclic sys- 
t e m ~ . ~ ’  For Cyt derivatives, the isotopic ratios of this shift 
were found to  be in the range of 1.30-1.36.26 For Me3Cyt- 
<>Me3Cyt, a shift with a ratio of 1.33 was observed for the 
=N4H stretching band (2976 cm-l in CDC13; 2960 cm-I in a 
KBr pellet) and the corresponding =N4D band (2242; 2222 
cm-l). Similar shifts are evident in the spectra of Cyt<>Cyt 
(3021 to  2255 cm-l) and of MelCyt<>MelCyt (2976 to  2252 
cm-l in Nujol). 

In summary, a number of rather “stable” Cyt<>Cyt de- 
rivatives have been prepared, thus permitting the study of 
their UV absorption spectra. Interestingly, the observation 
that solvent polarity changes cause a change in the tautomeric 
equilibrium is unusual, as is the finding that  an imino form 
in heterocyclic compounds is capable of a tautomeric shift to  
an amino form.28 However, since the tautomeric constant for 
5,g-saturated Cyt derivatives is relatively the observed 
shift can be appreciated. In addition, IR, mass, and NMR 
spectra have also been examined. Such knowledge was not 
available previously with Cyt<>Cyt derivatives and affords 
further information concerning the characteristics of these 
compounds. Specifically, the possible amino-imino tautom- 
erization of these dimers is of interest not only to  chemical 
studies but also to  biological considerations. If such a tau- 
tomerization should take place in the biological microenvi- 
ronment, it could result in miscoding or in facile deamination 
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causing the conversion of Cyt to  Ura even after enzymatic 
repair. Furthermore, the configuration of these dimers was 
determined to  be trans with the trans-syn isomer as the only 
or the predominant product. If a cis-syn isomer should form 
as reported,4,5 in the study of Cyd and dCyd, its acid-catalyzed 
deamination product, cis-syn Ura<>Ura, should be extremely 
stable and easily identifiable. The information concerning the 
stereoconfiguration of these dimers is of particular importance 
when related to  the photochemistry of nucleic a~ids.~9-33 
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Examination of the general sequence 2 - 7 for addition of a 13-unsubstituted phenolic C ring2 to decalones 2a-e 
is described. Condensation of the decalones with HCOzEt is uniformly efficient, but the rates and yields for conver- 
sion of the 8-hydroxymethylene derivatives to 8-formyl-As-7-octalones by reaction with DDQ vary remarkably. Ad- 
dition of the sodium enolate of MeCOCHzCOz-t-Bu to a-formyl enones 4a-d and acid-catalyzed cyclization of the 
adducts 5a-c to tricyclic enediones 6a-c proceed normally and in high yield. Aromatization of 6a-c by pyHBr3 af- 
fords not only 7-keto-12-phenols (7), the sole products from their 13-alkyl analogues, but also 13-bromo-7-keto-12- 
phenols and, a t  least in the case of 6a, 13-br0mo-A~~-7,12-enediones (9). Dehydrohalogenation of 9a by collidine 
produces 7a, a podocarpic acid model. Hydrogenolysis of the 12-(2'-benzoxazolyloxy) derivative of 7b provides te- 
tracyclic amide 19, which has been formally converted to several diterpenoid alka10ids.l~ 

Total syntheses of several C-aromatic perhydrophenan- 
threne diterpenoids have demonstrated the efficiency of the 
general sequence 2 - 7 (Scheme I) for constructing a substi- 
tuted aromatic ring at carbons 8 and 9 of a trans-7-deca- 
1one.1a,24 A C-13 alkyl substituent (R4) has been an important 
component of all the  natural products we have previously 
prepared by this route, and we consider that  one of the sig- 
nificant advantages of this synthetic procedure is its ability 
to include introduction of that  group as an integral part of the 
annulation process. However, certain diterpenoids such as 
podocarpic acid (1) are devoid of such C-ring substitution, and 
this might also be true of other structures for which use of this 
ring elaboration plan would be desirable. Investigations re- 
ported here show that  the synthesis is equally applicable to  
structures in which R4 = H, but that  modifications of the se- 
quence may be necessary. They also reveal some unexpected 
effects of structure on the reaction of an a-hydroxymethylene 
ketone with DDQ (3 - 4). These conclusions result primarily 

O H  

1 

from research into the synthesis of model compounds in the 
podocarpic acid and diterpenoid alkaloid series. 

The decalones which were used in this work, 2a-e, have 
been reported earlier,5v6 and their condensation with ethyl 
formate is unexceptional. However, dehydrogenation of these 
hydroxymethylene ketones by DDQ under conditions which 
have given 75-95% yields of a-formyl enones 4 in other 


