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The preparation of 1-carbamoylethylidenedimethylphenylphosphorane (10) has been achieved by treatment of
the corresponding phosphonium salt with either 1,5-diazabicyclo[4.3.0]non-5-ene or sodium hydride. The reaction
of this ylide with methyl phenylglyoxylate leads to modest yields of 3-methyl-2-phenylmaleimide and methy! 3-
methyl-2-phenylfumaramate. The reaction of 10 with methyl 3,6-anhydro-4,5,7-tri-O-benzyl-D-allo-heptuloson-
ate gives a 30% yield of crystalline 3-methyl-2-(2,3,5-tri-O-benzyl-3-D-ribofuranosyl)maleimide, which can be de-
benzylated with boron trichloride giving 3-methylshowdomycin. The condensation of triphenylphosphine with
N-bromoacetylurea readily gives a phosphonium salt that can be converted to crystalline N-carbamoylcar-
bamoylmethylenetriphenylphosphorane (20). The condensation of 20 with methyl pyruvate gives methyl N-car-
bamoyl-2-methylfumaramate, while reaction with methyl phenylglyoxylate gives methyl N-carbamoyl-2-phenyl-
fumaramate and 2-phenylmaleimide, the latter via thermal decarbamoylation.

In previous papers in this series we have outlined our
general interest in the synthesis of C-glycosyl nucleosides.
Much of this work has centered about the elaboration of
C-B-D-ribofuranosyl heterocycles using derivatives of 2,5-
anhydro-D-allose (1)3 as starting materials. So far we have
described routes for the preparation of maleimide,* pyra-
zole,5! isoxazole,® and oxadiazole! C-glycosides using these
generally useful starting materials. In addition, we have de-
veloped routes for the stereochemically controlled synthe-
sis of other functionalized C-glycosides of general structure
27 (X, Y = H, COsMe, CN) which open pathways to yet
further heterocyclic systems.
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Included in the above work was a facile synthesis of the
nucleoside antibiotic showdomycin (5b) via the reaction of
methyl 3,6-anhydro-4,5,7-tri-O-benzyl-D-allo- heptuloson-
ate (3) with carbamoylmethylenetriphenylphosphorane (4)
followed by debenzylation of the resulting maleimide (5a).4
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This synthetic route seems capable of extension to the
preparation of showdomycin analogs bearing substituents
at C3 of the maleimide ring via the corresponding reactions
of 3 with carbon-substituted derivatives of the phospho-
rane 4. In this paper we describe the synthesis of 3-meth-
yl-2-B-D-ribofuranosylmaleimide (3-methylshowdomycin,
15a) via such a route.

The simplest appropriate phosphorane would be 1-car-
bamoylethylidenetriphenylphosphorane (6), but, as yet,
the synthesis of this compound or its related phosphonium
salt (7a) has eluded us. Thus, all our attempts to react 2-
chloropropionamide® with triphenylphosphine in diverse
solvents, or in the absence of solvent, at 100-150°, failed to
yield the desired phosphonium salt. The comparable reac-
tion using chloroacetamide, however, readily provides the
phosphonium precursor of 4.2 On the other hand, the more
reactive 2-bromopropionamide!® reacted readily with tri-
phenylphosphine in acetonitrile under nitrogen at 40-50°,
giving triphenylphosphine oxide and hydrogen bromide.
This reaction presumably proceeds by way of the enolphos-
phonium salt 8 in a way similar to that shown for more
highly halogenated amides,!! and reminiscent of the Per-
kow reaction.1?
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The above reaction could, however, be successfully ac-
complished using more highly nucleophilic phosphines.
Thus 2-bromopropionamide reacted readily with tributyl-
phosphine and with dimethylphenylphosphine in acetoni-
trile at 50-60° to form the corresponding crystalline phos-
phonium salts (7b and 9) in yields of 44 and 81%, respec-
tively. In view of the higher yield achieved in the prepara-
tion of 9, the rest of our work has been done using that
compound. The conversion of 9 to the ylide 1-carbamo-
ylethylidenedimethylphenylphosphorane (10) has been in-
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vestigated under a number of conditions. As expected, 10
was much less stable than 4 and its attempted preparation
by treating 9 with aqueous sodium hydroxide led only to
dimethylphenylphosphine oxide.!> The ylide could, how-
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ever, be generated by treatment of 9 with 1,5-diazabicyclo-
[4.3.0]non-5-ene (DBN) in a mixture of chloroform and di-
methyl sulfoxide. Its formation was confirmed by its reac-
tion at 65° with methyl phenylglyoxylate (11), which led to
the isolation of crystalline 3-methyl-2-phenylmaleimide
(12) and methyl 3-methyl-2-phenylfumaramate (13) in
yields of 17 and 18%, respectively. The structures of these
products were clear from their elemental analyses and
NMR spectra. Variations in the reaction temperature and
solvent did not improve the above yields. The formation of
roughly equal amounts of 12 and 13 is quite consistent with
what was observed earlier from the reaction of 4 and 10 and
indicates little steric preference in the initial formation of
13 and its Z isomer. '

Attempted direct extension of the above model to the de-
sired reaction of 10 with the C-glycosyl keto ester 3 led to
only traces of product with a TL.C mobility close to that of
5a. Because of this and the rather low yields of 12 and 13
obtained following generation of the ylide with DBN, we
considered other methods for the conversion of 9 to 10 but
were unsuccessful using sodamide or butyllithium in
ether.!4 Treatment of 9 with slightly less than 1 equiv of so-
dium hydride in dimethyl sulfoxide at room temperature,
however, led to the quite rapid formation of the ylide 10 as
a yellow solution. Separately the keto ester 3 was prepared,
as previously described,* by oxidation of an epimeric mix-
ture of the corresponding hydroxy esters with dimethyl
sulfoxide and dicyclohexylcarbodiimide in the presence of
dichloroacetic acid.!® In view of the lability of 3, this com-
pound was added, without any purification, to the ylide so-
lution above and allowed to react at room temperature. By
TLC it could be shown that a fairly rapid reaction ensued
with formation of dimethylphenylphosphine oxide and a
nucleoside with the expected mobility just greater than
that of 5a. By chromatography of the products on a column
of silicic acid crystalline 3-methyl-2-(2,3,5-tri-O-benzyl-g-
D-ribofuranosyl)maleimide (14) was isolated in an overall
yield of 30% from the mixed hydroxy esters. Debenzylation
of 14 was readily achieved upon treatment with boron tri-
chloride in methylene chloride at —78° for 2 hr. Following
destruction of the excess boron trichloride with methanol
and removal of the volatile methyl borate a crystalline resi-
due was obtained. Direct recrystallization then gave pure
3-methyl-2-8-D-ribofuranosylmaleimide  (3-methylshow-
domyecin, 15a) in a yield of 81%.
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The 'H NMR spectra of 15a and of showdomycin (5b)
are generally similar although CoH and CyH are deshield-
ed by 0.17 and 0.16 ppm in 15a. The most significant fea-
ture of the spectrum of 15a is, of course, the absence of a
vinyl proton at Cs of the maleimide ring and the presence

of a three-proton singlet at 1.99 ppm. The absence of CgH'

also leads to the appearance of C;'H as a doublet while that
in showdomycin is a doublet of doublets due to allylic cou-
pling. The mass spectrum of 15a was quite typical of other
C-glycosides!® and showed major fragments corresponding
to loss of water from the molecular ion, and cleavage of the
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sugar ring giving a B + 30 ion. To our surprise 15a showed
a negative rotation ([a]D —89.5°) and a negative optical ro-
tatory dispersion spectrum centered about 286 nm, while
showdomycin is dextrorotatory!? and shows a positive Cot-
ton effect ([®]5% 1000°, [®]ags 0°, [®]%, —7,600°). We have
previouslty shown* that no epimerization accompanies the
preparation of 3 under the oxidative conditions used for its
synthesis. Also, since only 0.87 molar equiv of sodium hy-
dride was used relative to the crystalline phosphonium salt
(9) during preparation of 10, basic conditions which could
lead to epimerization giving an a-nucleoside were avoided.
While the rather large value of Jy 2 (6.8 Hz) does not allow
an assignment of anomeric configuration, the observed
chemical shift of C;-H strongly suggests that 15a has the
desired 8 configuration. Thus, it is well known that in N-
glycosides C1'H occurs roughly 0.5 ppm upfield in 3-D-ribo-
furanosyl nucleosides relative to their o anomers.!8 The
same is generally true for the known anomeric pairs of C-
glycosyl nucleosides, C'H in 8-pseudouridine!® and 8-pyra-
zomycin2® appearing 0.2-0.3 ppm upfield of the same pro-
ton in the « anomers. Since in Me2SO-dg~-D20 C'H of 15a
appears at 4.60 ppm, which is very close to that of show-
domycin itself (4.53 ppm), it is quite unlikely that we are
dealing with an « anomer. A very similar argument was
used earlier in assigning the 8 configuration to showdomy-
cin.192

In an effort to provide unequivocal assignment of anom-
eric configuration, 15a was converted in 96% yield into its
2/,3'-O-isopropylidene derivative (15b). Unfortunately the
IH NMR spectra of 15b in several solvents failed to resolve
CyH from CoH and CyH and hence it was not possible to
observe a value of Jy o sufficiently small to permit un-
equivocal assignment of the 8 configuration.!8 Several lines
of supporting evidence were, however, available from an ex-
amination of the 13C NMR spectra of 15b and of 2/,3-0-
isopropylideneshowdomycin!? prepared by the same route.
Previous work has shown that the chemical shift of the
anomeric carbon can be used to distinguish between a- and
B-furancsides in O-glycosides,?'2 N-glycosides,?'? and a
few C-glycosides.?lc In each case the isomer having the
aglycone and the Cy-oxygen function in a cis relationship
(a-D-ribo) showed Cy+ at higher field. Recent work from
this laboratory” has extended this work to a variety of C-
glycosides with similar results, C; of the C;~C; cis isomers -
appearing 2-4 ppm upfield of those in the trans counter-
parts. As expected,?? the presence of the Cs-methyl group
in 15b led to significant o and g shifts of Cy and Cj relative
to 2/,3-0-isopropylideneshowdomycin while the other car-
bons had very similar chemical shifts (see Experimental
Section). The cis Cs-methyl would also be expected to lead
to a modest (several parts per million) upfield v shift of Cy/
in 15b. Based upon earlier work,”21¢ if 15b were to have an
o configuration an additional upfield shift of 2-4 ppm
would be observed owing to the cis relationship of Cy and
Co-OH. In fact, the chemical shift of Cy- in 15b (78.86
ppm) is only 1.5 ppm upfield of that in 2’,3’-O-isopropyli-
deneshowdomycin, a fact which further supports the 8 con-
figuration. The assignments for individual carbons were
confirmed by both off-resonance and single-frequency de-
coupling techniques.22

Still further confirmation comes from consideration of
the 13C and 'H NMR signals of the isopropylidene function
in 15b. Thus the proton chemical shift difference between
the isopropylidene methyl signals in 15b was found to be 24
Hz, a figure that is compatible with a 8 configuration but
far in excess of that for an « nucleoside.?3 Finally, we have
recently pointed out that the 13C chemical shifts for the
methyl groups in the 2/,3'-O-isopropylidene derivatives of a
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variety of C-glycosides appear at 25.5 & 0.2 and 27.5 + 0.2
ppm while those in the o anomers are at 24.9 + 0.3 and 26.3
%+ 0.2 ppm, respectively.” The observed figures for 15b are
25.49 and 27.83 ppm, while those for 2/,3’-O-isopropyliden-
eshowdomycin are 25.43 and 27.60 ppm, both in good
agreement with the 8 configuration. The chemical shifts for
the central isopropylidene carbon in a variety of C-glyco-
sides are somewhat more variable but, after exclusion of
one anomalous pair (compounds 10e and 1lle in ref 22),
occur at 114.20 + 1.0 and 112.88 + 0.5 ppm for the C;-Cs-
trans and C;-Cs-cis isomers, respectively.” Once again, the
observed values of 114.53 ppm for 15b and of 114.92 ppm
for 2/,3-O-isopropylideneshowdomycin are compatible
only with the 8 configuration. Taken together, the various
NMR parameters of 15a and 15b would appear to provide
convincing evidence that the 8 isomer expected from the
method of synthesis is indeed present.

We interpret the inverted optical rotatory properties of
15a as compared to showdomycin as an indication that the
presence of the Cz-methyl group leads to an inversion of
the normal anti glycosyl conformation. This situation is
very similar to that shown by 6-methyluridine (16), which
is known to have an opposite ORD spectrum to that of uri-
dine or 5-methyluridine.2¢ On the basis of NMR studies,24b
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dipole moment measurements,?> and X-ray crystallogra-
phy,26 6-methyluridine, unlike its 5-methyl counterpart,
has been shown to adopt the syn conformation, which is re-
sponsible for the optical effects referred to above. A similar
syn conformation for 3-methylshowdomycin (15) would ex-
plain not only the observed optical properties but also the
deshielding of CoH and CsH relative to the same protons
in showdomyecin, this same effect being noted in 6-methy-
luridine.24 It might also be pointed out that the antibiotic
pyrazomycin (17), which is known to adopt a syn conforma-
tion in the crystal state,?” also shows a negative Cotton ef-
fect in its circular dichroism spectrum.2® Taken in concert,
the above observations make us confident that 3-methyl-
showdomycin represents a further example of a nucleoside
possessing a stable syn conformation.

A recent paper by Titani and Tsuruta?® has discussed
the various biological characteristics of showdomycin rela-
tive to those of the model compounds N-ethylmaleimide
(NEM) and citraconimide 18a). While marked similarities
exist between showdomycin and NEM with respect to ra-
diosensitization and reaction with thiols, citraconimide
(18a), although a much closer structural analog, was much
less active. 3-Methylshowdomycin is something of a struc-
tural hybrid of 5b and 18 and it is interesting to note that,

Trummlitz, Repk- ~nd Moffatt

at least with respect to antibacterial activity, 15a showed a
marked reduction in activity with respect to showdomycin
itself.2®

Finally, we have briefly investigated the preparation of
N-carbamoylcarbamoylmethylenetriphenylphosphorane
(20), an ylide that appeared to offer a facile route to N-car-
bamoylmaleimides. The reaction of triphenylphosphine
with N-bromoacetylurea®® took place readily in acetonitrile
at 50°, giving the crystalline phosphonium salt 19 in 75%
yield. Treatment of 19 with aqueous sodium hydroxide led
to the direct crystallization of the rather stable ylide 20 in
almost quantitative yield. A reaction between 20 and meth-
yl phenylglyoxylate (11) in chloroform under reflux gave, as
its major product, a 35% yield of crystalline methyl N-car-
bamoyl-2-phenylfumaramate (21a) together with 15% of
2-phenylmaleimide (18b). The assignment of the E config-
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uration to 21a is based largely upon analogy with the pre-
viously described reactions of 11 with 4 and 10, the product
with the Z configuration in each case undergoing spontane-
ous cyclization to a maleimide. In the present case the ini-
tially formed N-carbamoyl-2-phenylmaleimide appears to
have undergone very mild thermal loss of the carbamoyl
group giving 18b, a reaction for which there is ample prece-
dent.3! A comparable reaction between 20 and methyl pyr-
uvate in chloroform at room temperature led to the forma-
tion of only one significant product in addition to triphen-
ylphosphine oxide. Separation of these compounds by
chromatography on silicic acid was not complete but crys-
tallization of the pure fractions gave methyl N-carbamoyl-
2-methylfumaramate (21b) in 67% yield. Once again the E
configuration is assumed because of the previously re-
ported predominant formation of methyl 2-methylfumara-
mate from 4 and methyl pyruvate. Support for the configu-
rations of both 21a and 21b comes from an examination of
their NMR spectra.3? Thus the single vinyl protons in 21a
and 21b appear at 7.17 and at 6.95 ppm, respectively, in
Me2S0-dg. These chemical shifts are very close to those
that we have found for the related E compounds methyl 2-
methylfumaramate (6.80 ppm) and methyl 2-phenylfuma-
ramate (7.04 ppm) in CDCl3* and that others have shown
for ‘dimethyl 2-methylfumarate (6.71 ppm).32 They are
quite different, however, from the chemical shift of the
vinyl proton in dimethyl 2-methylmaleate (Z configura-
tion, 5.77 ppm).?% In general, the anisotropic effects of
amide and ester functions are quite similar and differences
in solvent would not be expected to lead to anything ap-
proaching chemical shift differences of 1 ppm. Hence we
feel confident that the E stereochemistry of 21a,b is cor-
rect and that, as with simple amides, formation of the Z
amido esters leads to spontaneous cyclization to an N-sub-
stituted maleimide. In view of the ready decarbamoylation
of N-carbamoylmaleimides mentioned above, the reaction
of 3 and 20 has not been explored.

By extension of the above work to the preparation of
other types of 2-substituted carbamoylmethylene ylides it
would appear possible to develop syntheses of various 2,3-
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substituted maleimides. In particular, the preparation of
other 3-substituted derivatives of showdomycin would be
of interest and is being considered.

Experimental Section

General Methods. The general methods used are the same as
those described previously.4

Tri-n-butyl-1-carbamoylethylphosphonium Bromide (7b).
A mixture of 2-bromopropionamide (300 mg, 2 mmol)!® and tri-
butylphosphine (400 mg, 2 mmol) in acetonitrile (5 ml) was stirred
under nitrogen at 60° for 6 hr and then at room temperature over-
night. The solution was diluted with ethyl acetate (50 ml) and ex-
tracted with water (25 ml). The aqueous phase was evaporated to
dryness and the residue was coevaporated with toluene, leaving a
clear syrup that crystallized upon treatment with ether, giving 310
mg (44%) of 7h: mp 126-128°; NMR (CDCls) 1.0 (m, 9, CHy), 1.57
(dd, 3, Junu = 8, Jpu = 18 Hz, PCHCH3), 1.5 (m, 12, CHy’s), 2.3
(m, 6, PCHy), 4.90 ppm (dg, 1, Juu = 8, Jpu = 12 Hz, PCHCO).

Anal. Caled for Ci;H3sBrNOP (354.34): C, 50.85; H, 9.39; N,
3.95; Br, 22.55. Found: C, 50.97; H, 9.51; N, 3.81; Br, 22.37.

1-Carbamoylethylidenedimethylphenylphosphonium Bro-
mide (9). Dimethylphenylphosphine (10.35 g, 75 mmol) was added
dropwise under nitrogen to a solution of 2-bromopropionamide
(11.4 g, 75 mmol) in acetonitrile (150 ml) at 50° and then held at
50° for 3 hr. The mixture was diluted with ethyl acetate and the
resulting suspension was extracted with water. Following evapora-
tion of the water the residue was coevaporated with toluene and
crystallized twice from acetonitrile-ethyl acetate, giving 18.34 g
(81%) of 9: mp 188.5-190°; NMR (MeS0-dg) 1.35 (dd, 3, Juu = 7,
Jpu = 18 Hz, PCHCH3), 2.32 (dd, 6, Jpcu = 14, Jupcu = 2 Hz,
PMes), 4.00 (m, 1, PCHCO), 7.55 (br s, 2, CONHy), 7.6-8.1 (m, 5,
Ar).

Anal. Caled for Ci;HisBrNOP (290.17); C, 45.53; H, 5.91; N,
4.83; Br, 27.54. Found: C, 45.58; H, 5.91; N, 4.58; Br, 27.35.

Generation of Ylide 10 and Reaction with Methyl Phenyl-
glyoxylate (11). A solution of 1,5-diazabicyclo[4.3.0]non-5-ene in
chloroform (0.5 ml of 1 M, 0.5 mmol) was added to a solution of
the phosphonium salt (9, 160 mg, 0.55 mmol) in dimethyl sulfoxide
(1 ml) and stored under nitrogen for 30 min. The resulting solution
was added to a solution of 11 (82 mg, 0.5 mmol) in chloroform and
heated at 65° for 20 min. The mixture was cooled, diluted with
ethyl acetate, washed three times with water, dried, and evapo-
rated, leaving a syrup. The latter was chromatographed on a 1.5 X
18 cm column of silicic acid using hexane—ether (2:1) which sepa-
rated dimethylphenylphosphine oxide from two more polar prod-
ucts. The faster, fluorescent product (36 mg) was crystallized from
chloroform-hexane giving 16 mg (17%) of 3-methyl-2-phenylmalei-
mide (12): mp 177-178.5°%; Amax (MeOH) 223 nm (¢ 18900), 252 (sh,
7900), 322 (4000); max (KBr) 3225 (NH), 1710, 1770 em™! (imide);
NMR (CDClg) 2.14 (s, 3, CH3), 7.45 ppm (m, 6, Ar and NH).

Anal. Caled for C;;HoNO, (187.20): C, 70.58; H, 4.85; N, 7.48.
Found: C, 70.57; H, 4.84; N, 7.35.

The most polar product (31 mg) was crystallized from chloro-
form-hexane, giving 20 mg (18%) of methyl 3-methyl-2-phenylfu-
maramate (13): mp 155-155.5°; Amax (MeOH) only broad end ab-
sorption with a shoulder (e 6700) at 244 nm; ymax (KBr) 3370 (NH),
1725 (COsMe), 1635, 1585 em~! (CONH); NMR (CDCls) 2.19 (s, 3,
CHj), 3.75 (s, 3, CO2Me), 5.0 and 5.3 (br s, 1, NHy), 7.33 ppm (s, 5,
Ar).

Anal. Caled for C1oH 3NO3 (219.24): C, 65.74; H, 5.98; N, 6.39.
Found: C, 65.96; H, 6.06; N, 6.30.

3-Methyl-2-(2,3,5-tri- O-benzyl-8-D-ribofuranosyl)maleim-
ide (14). Dichloroacetic acid (0.205 ml, 2.5 mmol) was added to a
stirred solution of a mixture of methyl 8,6-anhydro-4,5,7-tri-O-
benzyl-D-glycero-D-allo-heptonate and its D-glycero-D-altro iso-
mer (2.25 g, 4.56 mmol)* and dicyclohexylcarbodiimide (2.6 g, 12.5
mmol) in dimethyl sulfoxide (25 ml) and benzene (25 ml) at 0°.
The mixture was then stored at room temperature for 40 min and a
solution of oxalic acid (950 mg, 7.5 mmol) in water (256 ml) was
added portionwise. After stirring for 20 min the mixture was dilut-
ed with ethyl acetate (100'ml) and filtered. The organic phase was
washed four times with saturated aqueous sodium chloride, dried
(MgSO0y), and evaporated to a syrup. The latter was dissolved in
ethanol (25 ml), filtered, evaporated, and coevaporated three times
with benzene (10 ml).

Separately, benzene-washed sodium hydride (240 mg, 10 mmol)
was added in a drybox under nitrogen to a suspension of 9 (4.5 g,
11.5 mmol) in anhydrous dimethyl sulfoxide (12 ml) and stored at
room temperature for 2 hr. The resulting yellow solution was then
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added to a solution of the keto ester 3 prepared as above in ben-
zene (100 ml) and stirred at room temperature for 1.5 hr. The mix-
ture was then diluted with benzene (200 ml), filtered, and washed
four times with saturated aqueous sodium chloride and then with
water, dried (MgS0,), and evaporated, leaving 1.7 g of a syrup.
This material was purified by preparative TLC using two develop-
ments with ether—hexane (1:1). Elution of the major band gave 710
mg (30%) of 14 as a TLC homogeneous crystalline product: mp
86-87° from ether-hexane; Anax (MeOH) 209 nm (e 31100), 227
(sh, 14200); [«]**D —6.0° (c 0.14, CHCl3); NMR (CDCl3) 1.94 (s, 3,
CHzg), 3.51 (dd, 1, Jgem = 12, Jo5a = 2 Hz, Cs,H), 3.69 (dd, 1,
J4',5'b =2 HZ, Cs/bH), 4,01 (dd, 1, Jg/yg/ = J31,4/ =5 HZ, Cg/H), 4.3
(m, 2, CoH, C4H), 4.45-4.75 (m, 6, OCHoAr), 4.91 (d, 1, Jy o = 6
Hz, Cy/H), 7.3 ppm (m, 15, Ar),

Anal, Caled for C31H31NOg (518.60): C, 72.50; H, 6.08; N, 2.73.
Found: C, 72.46; H, 6.20; N, 2.82.

3-Methyl-2-8-D-ribofuranosylmaleimide (15a). A chilled so-
lution of 14 (500 mg, 0.97 mmol) in methylene chloride (5 ml) was
gradually added through a septum to a solution of boron trichlo-
ride (~4 g) in methylene chloride (40 ml) at —78°. After 2 hr at
—78° the cooling bath was removed and a mixture of methanol and
methylene chloride (1:1, 35 ml) was added dropwise. The solvents
were then evaporated in vacuo and the residue was coevaporated
four times with methanol (30 ml), leaving a crystalline residue. Re-
crystallization from acetone-benzene gave 190 mg (81%) of 15a:
mp 165-166°; Amax 223 nm (e 14100); [«]23D ~39.5° (¢ 1.0, MeOH);
ORD (MeOH) [®]s —4200°, [@]oss 0°, [8]BY 6500°; mass spec-
trum (70 eV) m/e 244 M+ + H), 225 (M* — H,0), 140 (base +
CH20); NMR (MeS0-de-D20) 1.99 (s, 8, CHj), 3.55 (m, 2, CsHo),
3.81 (m, 1, C4H), 3.93' (dd, 1, Jo 3 = 5, Jg» = 3.5 Hz, CgH), 4.11
(dd, 1, Jv 2 = 6.8 Hz, CoH), 4,60 ppm (d, 1, CyH).

Anal. Caled for C1oH13sNOg (243.22): C, 49.38; H, 5.39; N, 5.76.
Found: C, 49.54; H, 5.49; N, 5.94.

2-(2,3-O-Isopropylidene-8-D-ribofuranosyl)-3-methylma-
leimide (15b). Perchloric acid (0.05 ml, 70%) was added to a solu-
tion of 15a (45 mg, 0.185 mmol) in acetone (10 ml) and 2,2-di-
methoxypropane (0.5 ml). After 15 min at room temperature the
mixture was neutralized to pH 7 by careful addition of methanolic
ammonia and the solvent was removed in vacuo. The residue was
partitioned between ethyl acetate and water and the organic phase
was dried (MgS0,) and evaporated. The residue was freed from
acetone polymers by preparative TLC using chloroform-methanol
(19:1), elution of the major band giving 50 mg (96%) of 15b as a
foam: Amax (MeOH) 223 nm (¢ 14800); [a]2®D -72.3° (¢ 0.3,
CHCl3); TH NMR (CDCl3-D20) 1.35 and 1.59 (s, 3, CMe), 2.05 (s,
3, CH3), 3.67 (dd, 1, Jgem = 12, Ja5a = 2 Hz, Cy,H), 3.85 (dd, 1,
J4',5/b =2 HZ, CsfbH), 4,30 (ddd, 1, Jg'_4' =2 HZ, C4'H), 4.28-4.47
ppm (m, 3, C1H, CoH, CyH); 13C NMR (CDClg) 8.77 (C3 CHy),
25.49 and 27.83 (CMey), 63.00 (Cs), 78.86 (Cy), 82.77 (Cy), 84.04
(C2), 85.11 (Cy), 114.53 (CMey), 136.96 (C3), 142.72 (Cy), 170.38,
and 170.84 ppm (C=0).

Anal. Caled for C13H;7NOg (283.29): C, 55.12; H, 6.05; N, 4.95.
Found: C, 54.98; H, 6.30; N, 4.69.

2",3'- O-Isopropylideneshowdomyein. Showdomycin (100 mg,
0.44 mmol) was treated as above for 15b. Following preparative
TLC the product could be crystallized from ethyl acetate, giving 75
mg (64%) of 2/,3’-O-isopropylideneshowdomycin with mp 138-139°
(reported!” mp 140.5-141°); TH NMR (CDCl3) 1.37 and 1.59 (s, 3,
CMey), 3.68 (dd, 1, Jgem = 12, J4 5 = 2.5 Hz, C5,H), 3.87 (dd, 1,
J4/,5/b = 2.5 HZ, Cs'bH), 4.27 (ddd, J3/,4/ =25 Hz, C4/H), 4.7-4.9 (m,
3, CyH, CyH, CyH), 6.62 ppm (s, 1, C3H); 13C NMR (CDCl;) 25.43
and 27.60 (CMey), 62.87 (Cs), 80.36 (Cy), 82.35 (Ca), 84.13 (Cy),
85.37 (Cy), 114.92 (CMey), 130.39 (Cs), 146.52 (Cs), 169.57 and
170.48 ppm (C==0),

N-Carbamoylcarbamoylmethyltriphenylphosphonium
Bromide (19). A solution of triphenylphosphine (26.2 g, 0.1 mol)
and N-bromoacetylurea (18.1 g, 0.1 mol)?’ in acetonitrile (500 ml)
was heated under nitrogen at 50° for 6 hr. Upon cooling to 0°, 33 g
(75%) of crystalline 19 was obtained. An analytical sample from ac-
etonitrile had mp 119-121°; vnex (KBr) 3410, 3240, 3130, 1720,
1685, and 1580 cm~1; NMR (MezS80-dg) 5.33 (d, 2, Jpy = 14 Hz,
exchanges with D,0,*PCH2CO), 7.22 (br s, 2, CONHbs), 7.5-8.0 (m,
15, Ar), 10.53 ppm (br s, 1 CONHCO).

Anal. Caled for Co;HyoBrN2OoP (448.31): C, 56.90; H, 4.55; N,
6.32; Br, 18.03. Found: C, 57.04; H, 4.59; N, 6.16; Br, 17.80.

N:Carbamoylcarbamoylmethylenetriphenylphosphorane
(20). A solution of the phosphonium salt 19 (22.15 g, 50 mmol) in
water (4 1.) was cooled to 0° and to it was added 50 ml of 1 N sodi-
um hydroxide (50 mmol). The resulting crystalline product was
immediately collected by filtration and dried in vacuo over phos-
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- phorus pentoxide, giving 16.5 g (92%) of 20 that was suitable for di-
rect use. A portion was recrystallized from chloroform-hexane: mp
190-192°; vmax (KBr) 1685, 1590, 1580, 1560 cm~!; NMR (CDCly)
3.10 (br s, 1, exchanged with DO, P==CH), 7.3-7.7 (m, 15, Ar),
8.17 ppm (br s, 2, NHj).

Anal. Caled for Co1HisN2OoP (362.38): C, 69.90; H, 5.28; N, 7.73.
Found: C, 69.63; H, 5.25; N, 7.83.

. Reaction of 20 with Methyl Phenylglyoxylate (11). A solu-
tion of 11 (330 mg, 2 mmol) and 20 (750 mg, 2 mmol) in chloroform
(25 ml) was heated under reflux for 20 hr and then evaporated to
dryness. The residue was chromatographed on a column of silicic
acid using hexane-ether (2:1), which eluted unreacted 11 followed
by 2-phenylmaleimide (18b). Crystallization from chloroform-hex-
ane gave 52 mg (15%) of 18b with mp 164° which was identical
with an authentic sample* by TLC and NMR analysis. Continued
elution with chloroform-ethyl acetate (1:1) gave triphenylphos-
phine oxide followed by a second material that was crystallized
from chloroform-methanol giving 174 mg (35%) of 21a as white
plates that partially decomposed at 182-186° and melted at 193-
196°, unchanged upon recrystallization: rmax (KBr) 3480, 3360
(NH), 1712 (COOMe), 1630, 1570 cm~! (CONH); NMR (MeSO-
dg) 3.70 (s, 3, COsMe), 7.17 (s, 1, CsH), 7.25 (m, 7, Ar, and NHy),
10.43 ppm (brs, 1, NH).

Anal. Caled for C19H1oN204 (248.25): C, 58.06; H, 4.87; N, 11.29.
Found: C, 58.56; H, 4.94; N, 11.32.

Methyl N-Carbamoyl-2-methylfumaramate (21b). A solu-
tion of 20 (725 mg, 2 mmol) and methyl pyruvate (205 mg, 2 mmol)
in anhydrous chloroform (25 ml) was stirred at room temperature
for 20 hr and then evaporated to dryness. The residue was chroma-
tographed on a 4 X 30 cm column of silicic acid using ethyl acetate-
chloroform (1:1) which largely separated triphenylphosphine oxide
from the slightly more polar product. Crystallization of the prod-
uct from chloroform gave 248 mg (67%) of 21b which started to de-
compose at 180° and melted at 183-185°: vmax (KBr) 3420, 3365
(NH), 1730 (COsMe), 1685, 1575 em~! (CONH); NMR (MegSO-
de) 2.18 (d, 3, Jauyiic = 1.5 Hz, CH3), 3.73 (s, 3, CO2Me), 6.95 (q, 1,
Janyiic = 1.5 Hz, C3H), 7.25, 7.65, and 10.45 ppm (br s, 1, NH).

Anal. Calcd for C7H;oN20O4 (186.18): C, 45.16; H, 5.41; N, 15.05.
Found: C, 45.41; H, 5.35; N, 15.10.

Registry No.—7b, 56629-80-2; 9, 53296-04-1; 11, 15206-55-0; 12,
5109-46-6; 13, 56629-73-3; 14, 56629-74-4; 15a, 56629-75-5; 15b,
56629-76-6; 18b, 34900-45-3; 19, 53296-07-4; 20, 53296-08-5; 21a,
56629-77-7; 21b, 56629-78-8; 2-bromopropionamide, 5875-25-2; tri-
butylphosphine, 998-40-3; dimethylphenylphosphine, 672-66-2;
1,5-diazabicyclo[4.3.0]non-5-ene, 3001-72-7; methyl 3,6-anhydro-
4,5,7-tri-O-benzyl-D-glycero-D-allo-heptonate, 38821-09-9; methyl
3,6-anhydro-4,5,7-tri-O-benzyl-D-glycero-D-altro-heptonate,
38821-08-8; 2,2-dimethoxypropane, 77-76-9; 2/,3’-O-isopropyli-
deneshowdomycin, 19254-15-0; triphenylphosphine, 608-35-0; N-
bromoacetylurea, 6333-87-5.

References and Notes

(1) For Part Vi see D. B. Repke, H. P. Albrecht, and J. G. Moffatt, J. Org.
Chem., 40, 2481 (1975).

Trummlitz, Repke, and Moffatt

(2) Syntex Postdoctoral Fellow, 1971-1973.

(3) H. P. Albrecht, D. B. Repke, and J. G. Moffatt, J. Org. Chem., 38, 1836
(1973).

(4) G. Trummlitz and J. G. Moffatt, J. Org. Chem., 38, 1841 (1973).

(5) H. P. Albrecht, D. B. Repke, and J. G. Moffatt, J. Org. Chem., 39, 2176
(1974).

(6) H. P. Albrecht, D. B. Repke, and J. G. Moffatt, J. Org. Chem., 40, 2143
(1975).

(7) H. Ohrui, G. H. Jones, J. G. Moffatt, M. L. Maddox, A. T. Christensen,
and 8. K, Byram, J. Am. Chem. Soc., 97, 4602 (1975).

(8) H. Backunts and R. Otto, Ber., 9, 1592 (1876).

(9) S. Trippett and D. M. Walker, J. Chem. Soc., 3874 (1959).

(10) C. A. Bischoff, Ber., 30, 2312 (1897).

(11) A. J. Speziale and L. R. Smith, J. Am. Chem. Soc., 84, 1868 (1862).

(12) For a general discussion, see A, J. Kirby and S. G. Warren, ‘‘The Organ-
ic Chemistry of Phosphorus’’, American Elsevier, New York, N.Y., 1967,
Chapter 3.

(13) P. Haake, R. D. Cook, and G. H. Hurst, J. Am. Chem. Soc., 89, 2650
(1967).

(14) H. J. Bestman in “Newer Methods of Preparative Organic Chemistry”’,
Vol. 5, W. Forest, Ed., Academic Press, New York, N.Y., 1968, p 1.

(15) For a review, see J. G. Moffatt in '‘Techniques and Applications in Or-
ganic Synthesis: Oxidation”, Vol. 2, R. |.. Augustine and D. J. Trecker,
Ed., Marcel Dekker, New York, N.Y., 1971, p 1.

(16) L. B. Townsend and'R. K. Robins, J. Heterocycl. Chem., 6, 459 (1969).

(17} Y. Nakagawa, H. Yano, Y. Tsukuda, and H. Koyama, Tetrahedron Lett.,
4105 (1967).

(18) For references, sese L. B. Townsend in ''Synthetic Procedures in Nucleic
Acid Chemistry'’, Vol. 2, W. W, Zorbach and R, 8. Tipson, Ed., Wiley-
Interscience, New York, N.Y., 1973, p 333.

(19) (a) K. R. Darnall, L. B. Townsend, and R. K. Robins, Proc. Natl. Acad.
Sci. U.S.A., 57, 548 (1967); (b) U. Lerch, M. G. Burdon, and J. G. Mof-
fatt, J. Org. Chem., 36, 1607 (1971),

(20) G. E. Gutowski, M. O. Chaney, N. D. Jones, R. L. Hamill, F. A, Davis, and
R. D. Miller, Biochem. Biophys. Res. Commun., 51, 312 (1973).

(21) (a) T. Usui, S. Tsushima, N. Yamaoka, K. Matsuda, K. Tuzimura, H. Su-
giyama, S. Seto, K. Fujieda, and G. Miyajima, Agric. Biol. Chem., 38,
1409 (1974); (b) S. Sugiyama, N. Yamaoka, B. Shimizu, Y. Ishido, and
S. Seto, Bull. Chem. Soc. Jpn., 47, 1815 (1974); (c) E. Wenkert, E. W.
Hagaman, and G. E. Gutowski, Biochem. Biophys. Res. Commun., 51,
318 (1973).

(22) J. B. Stothers, ‘Carbon-13 NMR Spectroscopy’’, Academic Press, New
York, N.Y., 1972,

(23) (a) J. L. Imbach, J. L. Barascut, B. L. Kam, and C. Tapiero, Tetrahedron
Lett., 129 (1974}, (b) B. Rayner, C. Tapiero, and J. L. Imbach, J. Hetero-
cycl. Chem., 10, 417 (1973); (c) J. L. Imbach and B. L. Kam, J. Carbo-
hydr., Nucleosides, Nucleotides, 1, 271 (1974),

(24) (a) M. Prystas and F. Sorm, Collect. Czech. Chem. Commun., 34, 2318
(1969); (b) M. P. Schweizer, J. T. Witkowski, and R. K. Robins, J. Am.
Chem. Soc., 93, 277 (1971); {c) D. W. Miles, M. J. Robins, R. K. Robins,
M. W. Winkley, and H. Eyring, J. Am. Chem. Soc., 91, 824 (1969).

(25) I Kulakowska, A, Rabczenko, and D, Shugar, Biochem. Blophys. Res.
Commun., 48, 65 (1972).

(26) D. Suck and W. Saenger, J. Am. Chem. Soc., 94, 6520 (1972).

(27) N. D. Jones and M. O. Chaney, Abstracts, 9th International Congress of
Crystallography, Kyoto, Japan, 1972, p S-48.

(28) Y. Titani and Y. Tsuruta, J. Antiblot., 27, 956 (1974).

(29) We are extremely grateful to Dr. K. Tawara of the Shionogi Research
Laboratories, Osaka, Japan, for this information.

(30) . A, Pearl and M. W. Dehn, J. Am. Chem, Soc., 81, 1377 (1939).

(31) P. O. Tawney, R. H. Snyder, C. E. Bryan, R. P. Conger, F. S. Dovell, R.
K. Kelly, and C. H. Stiteler, J. Org. Chem., 25, 56 (1960).

(32) For a review on NMR analysis of olefin stereochemistry, see G. J. Martin
and M. L. Martin, Prog. Nucl. Magn. Reson. Spectrosc., 8, 163 (1972).

(33) P. J. Collin and S, Sternhell, Aust. J. Chem., 19, 317 (1966).



