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Reaction of 1-chloro-4-(diethoxyphosphonyl)alka-2,3-dienes 14,15 with purine and pyrimidine heterocyclic bases in
the presence of cesium carbonate afforded new acyclic analogues of nucleotides containing a 1,2-alkadienic skeleton
18–23. Dealkylation of 18–23 furnished phosphonic acids 2a–f. In contrast, alkylation reaction with 1-chloro-4-
(diethoxyphosphonyl)octa-2,3-diene 16 led to Z- and E- 1,3-alkadienic phosphonates 25a,b and 26a,b. A similar
reaction with 1-chloro-4-(diethoxyphosphonyl)-2-methylbuta-2,3-diene 17 led to the elimination of hydrochloride
and formation of 4-(diethylphosphonyl)-2-methylbut-1-en-3-yne 24. Molecular structures of new acyclic nucleotides
18 and 2f are determined by X-ray crystallographic analysis.

Introduction
Acyclic analogues of nucleotides are at the center of current
interest as potential antiviral and anticancer agents.1 These are
the analogues of natural nucleotides where pentafuranosyl
sugar ring has been replaced with an acyclic moiety that mimics
the natural sugar or sugar phosphate. The area of acyclic nucleo-
tides has been widely explored due to their broad-spectrum anti-
viral activity against several DNA and RNA viruses.1a A large
number of interesting acyclic nucleotides targeted as antiviral
and anticancer agents have been synthesized.2–4 For example,
9-[2-(phosphonomethoxy)ethyl]adenine (PMEA 1a, Fig. 1)
effectively inhibits a wide array of DNA viruses (herpes, adeno,
irido, and poxviruses) 2 and retroviruses (Moloney murine
sarcoma virus (MSV),3 murine acquired immunodeficiency
disease,4 hepatitis B 5 and for clinical studies against AIDS 6).

Modification of the side-chain of PMEA-derivatives strongly
influences the antiviral selectivity of the compounds.7,8 For
example, N-(3-hydroxy-2-phosphonomethoxypropyl)purine 1b
acts solely on DNA viruses,2b while N-(2-phosphonomethoxy-
propyl)purine 1c 7 and N-(3-fluoro-2-phosphonomethoxy-
propyl)purine 1d exclusively affect retroviruses.7,9 9-[2-(Phos-
phonofluoromethoxy)ethyl]adenine 1e and its monoester were
inactive against HIV-1, but exhibited potent activity against

Fig. 1

both human cytomegalovirus (HCMV) and Epstein Barr virus
(EBV).8

Our previous work 10 focused on the applications of
phosphorylated allenes for the construction of unsaturated
organophosphorus compounds. It is necessary to note, that
unsaturated analogues of nucleosides, cyclic and acyclic, are
currently the focus of much attention as antiviral and anti-
tumor agents. For example, Zemlicka 11 has demonstrated that a
group of allenic analogues of nucleosides (B–CH��C��CR–CH2–
OH, where: B = adenin-N9-yl or cytosin-N1-yl; R = H, CH2OH)
exhibits a high and selective anti-HIV effect in vitro.

In order to better understand the role of the carbon skeleton
in acyclic analogues of nucleotides 1 (Fig. 1), we designed an
efficient methodology for the preparation of a new type of
phosphonate analogues of nucleotides 2a–f. The goal of our
current research is the synthesis of new acyclic analogues of
nucleotides, which will be useful for further biological studies.
The target compounds were prepared, in which the penta-
furanosyl sugar ring has been replaced by a –C��C��C–CH2–
skeleton.

Results and discussion
In a preliminary publication, we have reported the synthesis of
the new nucleotide analogues 2.10f Now we provide details of
our methods for the construction of unsaturated nucleotide
analogues.

Retrosynthetic analysis of the target compounds revealed
that the acyclic analogues of nucleotides with the –C��C��C–
CH2– skeleton can be constructed by coupling 1-chloro-4-
(diethoxyphosphonyl)alka-2,3-diene with the corresponding
purine and pyrimidine heterocyclic bases (Scheme 1).

Our synthetic strategy, (illustrated in Scheme 3) was centered
on the phosphorylated allenes.12 They were synthesized in good
yield from acetylenic alcohols 6–9 by Horner–Mark [2,3]-
sigmatropic rearrangement 13 of the unstable phosphites 10–13,
which were generated in situ by reaction with diethyl chloro-
phosphite in the presence of triethylamine in diethyl ether at
�15 �C. As a rule the acetylene-allene rearrangement was
complete after 24 h at room temperature (Scheme 2). 31P NMR
spectrum of the reaction mixture showed the near quantitative
conversion of phosphites 10–13 to the phosphorylated allenes
14–17.

Compounds 14–17 are stable enough to be handled at
ambient temperature. Analytically pure phosphorylated allenesD
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14–17 were isolated as a colorless or pale yellow oil by column
chromatography on silica gel.

The structural identity of allenes 14–17 was established by
their 13P and 13C NMR spectra. The 31P chemical shift is charac-
teristic of compounds with a four-coordinate phosphorus atom
linked to an sp2-hybridized carbon.10 The extreme low field pos-
ition of the central allenic carbon atom resonance (211.94 ppm)
allows the immediate identification of the allenic moiety by 13C
NMR spectroscopy.14

With these compounds in hand, we wished to study the con-
densation of 1-chloro-4-(diethoxyphosphonyl)alka-2,3-diene
with some purine and pyrimidine heterocyclic bases. Several
kinds of alkylation of the alkyl halides by purine and pyrim-
idine heterocyclic bases have been described earlier; among
them alkylation in the presence of sodium hydride, potassium
carbonate and cesium carbonate. However, the use of sodium
or potassium salts of purine and pyrimidine is restricted by
their limited solubility in DMF, therefore we used cesium
carbonate. Condensation using the standard conditions
(1 equivalent of chloroallene and 2 equivalents each of hetero-
cyclic base and cesium carbonate in DMF at 75 �C for 2 h)
afforded the target compounds 18–23. The progress of conden-
sation was monitored by TLC on SiO2. Diesters 18–23 were
isolated by column chromatography on silica gel in good yield.

Unlike compounds 14 and 15, 1-chloro-4-(diethoxy-
phosphonyl)-2-methylbuta-2,3-diene 17, with a hydrogen on
C4, does not react with heterocyclic bases under the same con-
ditions. The reaction of allene 17 with the adenine and Cs2CO3

in DMF at 75 �C led to the 1-4 elimination of hydrogen chloride
providing 4-(diethylphosphonyl)-2-methylbut-1-en-3-yne 24 in
85% isolated yield. The 1-4 elimination of HCl from 17 was
readily confirmed by the absence of the signal of the CH2Cl
group at 4.12 ppm and the signal of the C4 proton at 5.42 ppm
in the 1H NMR spectrum, which were present in the starting
compound 17.

Scheme 1

Scheme 2

In contrast to the alkylation observed for allenes 14 and 15,
1-chloro-4-(diethoxyphosphonyl)octa-2,3-diene 16 (with a pro-
ton on C2), behaved in a different fashion. The interaction of
phosphonate 16 with uracil or thymine in the presence of
Cs2CO3 at 75 �C leads to formation of 1,3-alkadienes 25 and 26,
as Z and E isomers. The structural identity of 1,3-alkadienes
25a,25b and 26a,26b was established by their 1H and 13C NMR
spectra. The CH2 signals in 25a,25b and 26a,26b appear at the
lowest field of the 1,3-alkadiene portion as a doublet, of doub-
let, of doublets at 6.77 ppm for 25a and 26a (Z isomers) and at
7.44 ppm for 25b and 26b (E isomers), coupled to phosphorus
(J2,P = 1.5–2.0 Hz) as well as Hcis (J2,cis = 10.7 Hz) and Htrans

(J2,trans, = 16.9 Hz). The protons of the ��CH2 exhibit a pattern
typical for a vinyl group.

The 13C NMR spectra and, particularly, the DEPT experi-
ment further corroborated the proposed structure. Compounds
25a,25b and 26a,26b contain two (in 25a,25b) or three
(in 26a,26b) different kinds of methyl groups, four different
kinds of methylene moieties (including ��CH2) group and three
(in 25a,25b) or two (in 26a,26b) different kinds of CH groups.
C2 forms a split doublet which is coupled to phosphorus
(JC2,P = 15.6 or 15.9 Hz for 25a,26a) and (JC2,P = 4.6 or 4.8 Hz
for 25b,26b). The JC2,P value of 15.6 or 15.9 Hz (for 25a,26a) is
in agreement with trans arrangement of the phosphonate group
and C2.11b The quarternary C4 which carries the phosphonate
moiety, has the largest coupling constant (JC4,P = 168.6–174.5
Hz).

Next we have turned our attention to the deesterification
of the phosphonate group. For this purpose we have chosen
bromotrimethylsilane (TMS-Br) (an efficient reagent for
dealkylation of phosphonate dialkyl ester) to generate the

Scheme 3
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corresponding phosphonic acid. Treating the diethyl esters 18–
23 with 5 eq. of the TMS-Br in acetonitrile at room temperature
for 12 h under a nitrogen atmosphere furnished the phosphonic
acids 2a–f in good yield. The high purity free phosphonic acids
2b,2c,2e,2f were obtained by the simple recrystallization from
dry methanol (or hexane, for acids 2a,2d). Some phosphonic
acids, for example 2a,2d, have been shown to be very
hydroscopic.

X-Ray crystallography study of 18 and 2f†

The structures of both 18 and 2f were provided by the X-ray
diffraction analysis.15 Only a few X-ray crystallography studies
of phosphorylated allenes without purine or pyrimidine hetero-
cyclic substituents have been reported before.16–18

Colorless crystals of 1-(adenin-9-yl)-4-(diethylphosphonyl)-
2-methylhepta-2,3-diene 18 and 2-methyl-4-(phosphonyl)-1-
(thymin-1-yl)octa-2,3-diene 2f used for the X-ray diffraction
analysis were grown by slow cooling of saturated solutions of
the compounds in CHCl3 (for compound 18) or MeOH (for
compound 2f ). Geometrical parameters for diester 18 and acid
2f are given in Table 1.

In the structure of 18 (Fig. 2) the geometrical parameters of
the adenine moiety are in good agreement with those of the
“free” molecule 19,20 the other bond lengths correspond to the
mean values for the similar structures.21 The system of cumu-
lative double bonds in 18 is linear and has an orthogonal con-
figuration of the substituents at C1 and C3. The angle between
the adenine moiety plane (max. deviation 0.02 Å) and the
C6–C10 plane (max. deviation 0.01 Å) is 83.5�, and the angle
between the latter and the P–C10–C11 plane is 83.3�. The dis-
tances in the allene system are consistent with those found in
ref. 16. The molecular packing is also governed by the inter-
molecular hydrogen bonds NH � � � N with parameters: N5–
H51n 1.03 Å, H51n � � � N4 2.09 Å, N5 � � � N4 2.990 Å (, 1 � y,
½ � z), angle NHN 145�; N5–H52n 1.10 Å, H52n � � � N3 2.04
Å, N5 � � � N3 3.073 Å (1 � x, y, ½ � z), angle NHN 155�.
These bonds unite molecules into parallel layers.

The peculiarity in the X-ray crystallographic structure of 2f
consists of the statistic disorder associated with the phosphon-
ate group which rotates around the C1–P bond (Fig. 3). There-
fore it is not possible to distinguish the P��O bond from the
P–OH bond. The rest of the geometrical parameters are in
normal range. The planar fragment N1–C4–C3–C2–C1 is at an
89.5� angle with the planar thymine ring.

Table 1 Selected significant bond distances (Å) and bond angles (deg)
for compounds 18 and 2f

Compound 18 2f

Bond distances

P–C(1) 1.766 (13) 1.782 (3)
N(1)–C(4) 1.460 (10) 1.463 (3)
C(1)–C(2) 1.285 (15) 1.305 (3)
C(1)–C(6) 1.650 (3) 1.513 (4)
C(2)–C(3) 1.288 (15) 1.301 (3)
C(3)–C(4) 1.491 (13) 1.503 (4)
C(3)–C(5) 1.518 (13) 1.500 (3)

Bond angles

C(2)–C(1)–P 118.1 (9) 118.8 (2)
C(6)–C(1)–P 114.6 (11) 116.6 (19)
C(1)–C(2)–C(3) 177.5 (12) 177.1 (3)
C(2)–C(3)–C(4) 124.0 (9) 120.9 (2)
C(2)–C(3)–C(5) 122.3 (12) 124.0 (2)
C(4)–C(3)–C(5) 113.6 (11) 115.2 (2)
N(1)–C(4)–C(3) 112.1 (8) 112.9 (2)

† CCDC reference numbers 218714 and 218715. See http://
www.rsc.org/suppdata/ob/b3/b309684j/ for crystallographic data in .cif
or other electronic format.

Conclusion
In summary, a convenient and efficient synthesis of a series of
new purine and pyrimidine-containing acyclic analogues of
nucleotides with a 1,2-alkadienic skeleton, starting from readily
available 1-chloro-4-(diethoxyphosphonyl)alka-2,3-dienes, has
been described. Further studies on this potentially important
synthetic methodology are currently in progress. The detailed
biological evaluation of these analogues and applications of
phosphorylated allenes to the synthesis of interesting phos-
phonic acid derivatives will be reported in due course.

Experimental
1H NMR spectra were recorded at 200 MHz. Chemical shifts
for 1H NMR are reported in ppm relative to tetramethylsilane
as internal standard or to residual solvent signals. 31P NMR
spectra were recorded at 81.01 MHz using an external capillary
containing 85% H3PO4in H2O as reference. 13C NMR spectra
were recorded at 50.3 MHz. Signal multiplicities were
determined with DEPT techniques. Chemical shifts refer to
tetramethylsilane or to residual solvent signals. Column
chromatography on silica gel was performed with Fluka Silica

Fig. 2 Molecular structure of 1-(aden-9-yl)-4-(diethylphosphonyl)-2-
methylhepta-2,3-diene 18 as obtained by X-ray crystallography.

Fig. 3 Molecular structure of 2-methyl-4-(phosphonyl)-1-(thymin-1-
yl)octa-2,3-diene 2f as obtained by X-ray crystallography.
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gel 100 (0.035–0.070 mm). All reactions were monitored by
thin-layer chromatography on Fluka Silica Gel 60 F-254/TLC-
cards (20 × 20 × 0.2 cm) with detection by spraying with
KMnO4 solution.

All reagents were of commercial quality or were purified
before use. Organic solvents were purified and dried according
to established procedures by distillation under argon atmos-
phere from an appropriate drying agent. Reagents and organic
solvents were procured from Aldrich Chemical Co and Fluka.

1-Chloro-2-methylhept-3-yn-2-ol 6

To a solution of EtMgBr (prepared from 1.2 g, 0.05 g-atom of
magnesium turnings, and 6.5 g, 0.06 mol of ethyl bromide in 50
cm3 of Et2O), 1-pentyne (4.6 g, 0.065 mol) was added dropwise
over 30 min at 0 �C. The mixture was stirred at rt for 0.5 h, at
34 �C for 2 h and then cooled in an ice bath. Chloroacetone
(4.6 g, 0.05 mol) in Et2O (10 cm3) was added dropwise over
15 min and the mixture was heated to reflux for an additional
15–20 min. The mixture was cooled and sat. aq NH4Cl was
added carefully to dissolve the solid components. The two
layers were separated and the aqueous phase was extracted with
Et2O (3 × 10 cm3). The combined organic fractions were dried
(Na2SO4) and solvent was evaporated in vacuo and then distilled
at reduced pressure. Yield: 71%. Bp 83–85 �C/1–1.5 mm Hg
(Found: C, 59.73; H, 8.14. C8H13ClO (160.644) requires C,
59.81; H, 8.16%); δH(200 MHz, CDCl3) 3.65 and 3.59 (2 H, AB,
J 10.9, CH2Cl), 2.89 (1 H, br s, OH), 2.19 (2 H, t, J 7.1, CH2),
1.55 (3 H, s, CH3), 1.53 (2 H, sext, J 7.1, CH2), 0.98 (3 H, t,
J 7.1, CH3); δC(50.3 MHz, CDCl3) 84.97 (C���), 80.99 (C���), 67.36
(COH), 54.10 (CH2Cl), 26.95 (CH3), 21.69 (CH2), 20.29 (CH2),
13.16 (CH3).

1-Chloro-2-methyloct-3-yn-2-ol 7

Compound 7 was prepared in the same manner described for 6.
Yield: 71%. Bp 98–99 �C/1–1.5 mm Hg (Found: C, 61.80; H,
8.58. C9H15ClO (174.671) requires C, 61.89; H, 8.66%); δH(200
MHz, CDCl3) 3.68 and 3.60 (2 H, AB, J 10.8, CH2Cl), 2.90
(1 H, br s, OH), 2.12 (2 H, t, J 7.2, CH2), 1.53 (3H, s, CH3), 1.48
(4 H, m, 2 × CH2), 0.90 (3 H, t, J 7.2, CH3); δC(50.3 MHz,
CDCl3) 84.83 (C���), 80.93 (C���), 67.19 (COH), 54.42 (CH2Cl),
26.93 (CH2), 21.54 (CH2), 20.16 (CH2), 20.09 (CH2), 13.16
(CH3).

1-Chlorooct-3-yn-2-ol 8

Compound 8 was prepared from 1-hexyne and chloroacetalde-
hyde 22 by the method described for 6. Yield: 68%. Bp 94 �C/1–
1.5 mm Hg (Found: C, 59.91; H, 8.19. C8H13ClO (160.644)
requires C, 59.81; H, 8.16%); δH(200 MHz, CDCl3) 4.58 (1 H,
ddt, J 4.3, J 6.6, J 2.0, CHOH), 3.68 (1 H, dd, J 4.3, J 11.1,
CHHCl), 3.62 (1 H, dd, J 6.6, J 11.1, CHHCl), 2.70 (1 H, br s,
OH), 2.23 (3 H dt, J 2.0, J 6.9, ���C–CH2), 1.45 (4 H, m,
2 × CH2), 0.83 (3 H, t, J 6.9, CH3); δC(50.3 MHz, CDCl3) 87.32
(C���), 77.20 (C���), 62.55 (CHOH), 49.24 (CH2Cl), 30.27 (CH2),
21.73 (CH2), 18.15 (CH2), 13.40 (CH3).

1-Chloro-2-methylbut-3-yn-2-ol 9

Compound 9 was synthesized starting from chloroacetone
according to the described procedure.23 Yield: 69%. Bp 54–
55 �C/15 mm Hg. (lit.24 44–46 �C/15 mm Hg).

General procedure for preparation of the phosphorylated allenes
14–17. 1-Chloro-4-(diethoxyphosphonyl)-2-methylhepta-2,3-
diene 14

NEt3 (1.62 g, 0.016 mol) was added to solution of acetylenic
alcohol 6 (2.24 g, 0.014 mol) in Et2O (100 cm3) under N2 and
the mixture was cooled to �15 �C. A solution of diethyl chloro-
phosphite (2.22 g, 0.0142 mol) in Et2O (10 cm3) was added

dropwise and the mixture was stirred at �15 �C for 1 h and at
room temperature for 24 h. The solid was removed by filtration
and the solvent was evaporated under reduced pressure. The
crude product was chromatographed (CHCl3/MeOH = 10 : 0.3)
to give 14 (3.1 g, 78%) as a colorless oil. TLC: Rf = 0.28 (CHCl3/
MeOH, 10 : 0.1) (Found: C, 51.42; H, 7.86; P, 10.97.
C12H22ClO3P (280.732) requires C, 51.34; H, 7.90; P, 11.03%);
νmax(film)/cm�1 1972 (C��C��C); δH(200 MHz, CDCl3) 4.08 (6H,
m, 2 × CH3CH2O � CH2Cl), 2.17 (2 H, dt, J 7.2, JH,P 10.6,
CH2), 1.88 (3 H, d, JH,P 6.6, ��C��CCH3), 1.51 (2 H, sext, J 7.2,
CH2), 1.33 (6 H, t, J 7.0, 2 × OCH2CH3), 0.95 (3 H, t, J 7.2,
CH3); δC(50.3 MHz, CDCl3) 206.21 (d, JC,P 5.3, ��C��), 99.37 (d,
JC,P 16.3, ��C (CH3)CH2Cl), 95.50 (d, JC,P 186.1, PC��), 62.20 (d,
JC,P 6.2, CH2OP), 62.14 (d, JC,P 6.2, CH2OP), 46.64 (d, JC,P 7.0,
CH2Cl), 30.45 (d, JC,P 6.6, CH2), 21.07 (d, JC,P 6.9, CH2), 16.14
(d, JC,P 6.5, 2 × CH3CH2OP), 15.66 (d, JC,P 6.4, ��CCH3), 13.43
(s, CH3); δP(81.01 MHz, CDCl3) 18.40 (s).

1-Chloro-4-(diethoxyphosphonyl)-2-methylocta-2,3-diene 15

Compound 15 was synthesized according to the described
procedure.23 Yield: 75%.

1-Chloro-4-(diethoxyphosphonyl)octa-2,3-diene 16

Obtained as oil after column chromatography on silica gel
(CHCl3/MeOH = 10 : 0.3) in 64% yield. TLC: Rf = 0.21 (CHCl3/
MeOH = 10 : 0.1) (Found: C, 51.28; H, 7.96; P, 11.10.
C12H22ClO3P (280.732) requires C, 51.34; H, 7.90; P, 11.03%);
νmax(film)/cm�1 1971 (C��C��C); δH(200 MHz, CDCl3) 5.62 (1 H,
dtt, JH,P 12.5, J 7.5, J 3.0, ��CH), 4.20–4.05 (6 H, m, 2 ×
OCH2CH3 � CH2Cl), 2.28–2.14 (2 H, m, ��CCH2), 1.44 (4 H, m,
2 × CH2), 1.34 (6 H, t, J 7.0, 2 × OCH2CH3), 0.92 (3 H, t, J 7.2
Hz, CH3); δC(50.3 MHz, CDCl3) 207.94 (d, JC,P 5.7, ��C��), 97.34
(d, JC,P 184.9, PC��), 91.42 (d, JC,P 15.8, HC��), 62.43 (d, JC,P 6.1,
OCH2CH3), 62.30 (d, JC,P 6.1, OCH2CH3), 41.19 (d, JC,P 7.4,
CH2Cl), 29.78 (d, JC,P 6.7, CH2), 27.93 (d, JC,P 5.5, CH2), 21.92
(s, CH2), 14.64 (d, J 6.8, 2 × CH3CH2O), 13.62 (s, CH3);
δP(81.01 MHz, CDCl3) 17.62 (s).

1-Chloro-4-(diethoxyphosphonyl)-2-methylbuta-2,3-diene 17

Compound 17 was synthesized according to the described
procedure.23 Yield: 68%.

General procedure for preparation of the allenes 18–23. 1-
(Adenin-9-yl)-4-(diethylphosphonyl)-2-methylhepta-2,3-diene 18

The mixture of adenine (0.54 g, 0.004 mol) and cesium
carbonate (1.3 g, 0.004 mol) in DMF (30 cm3) was stirred at
75 �C for 0.5 h with exclusion of moisture. After the addition
of 1-chloro-2-methyl-4-(diethylphosphonyl)hepta-2,3-diene 14
(0.56 g, 0.002 mol) the mixture was heated under stirring at
75 �C for an additional 2 h, until the starting compound 14
disappeared (TLC). The suspension was filtered and the filtrate
taken down to dryness in vacuo. The residue was extracted with
a boiling mixture of CHCl3/MeOH (10 : 2) (3 × 30 cm3 portion)
and filtered. Solvents were evaporated in vacuo and the residue
was chromatographed on a silica gel column (CHCl3/MeOH,
10 : 0.4 10 : 1.5) to give product 18 (0.36 g, 48 %) as solid.
TLC: Rf = 0.58 (CHCl3/MeOH = 10 : 1.5). An analytical sample
was obtained by recrystallizing twice from hexane to afford the
product as a white solid. Mp 102–106 �C (Found: C, 53.86; H,
6.94; N, 18.54, P, 8.20. C17H26N5O3P (379.400) requires C,
53.82; H, 6.91; N, 18.46; P, 8.16%); νmax(KBr)/cm�1 1970 (C��C��
C); δH(200 MHz, CDCl3) 8.36 (1 H, s) and 8.00 (1 H, s, H8 and
H2adenine), 5.95 (2 H, s, NH2), 4.80 (2 H, d, JH,P 6.5, CH2N),
4.08–3.94 (4 H, m, 2 × CH3CH2O), 2.1–1.89 (2 H, m, CH2–C��),
1.81 (3 H, d, JH,P 6.8, CH3–C��), 1.39–1.25 (8 H, m, CH2 � 2 ×
CH3CH2O), 0.84 (3H, t, J 7.4 Hz, CH3); δC(50.3 MHz, CDCl3)
206.00 (d, JC,P 5.7, ��C��), 155.51 (s, ��C, adenine), 152.92
(s, ��CH, adenine), 149.96 (s, ��C, adenine), 140.86 (s, ��CH,
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adenine), 119.05 (s, ��C, adenine), 99.14 (d, JC,P 16.5, C��C��
C–CH3), 97.18 (d, JC,P 185.3, P–C��), 62.13 (d, JC,P 5.9, 2 ×
CH3CH2O), 45.22 (d, JC,P 6.9, CH2N), 30.37 (d, JC,P 6.5, CH2),
21.17 (d, JC,P 6.6, CH2), 16.23 (d, JC,P 6.4, 2 × CH3CH2O), 15.87
(d, JC,P 6.6, CH3C��C��), 13.38 (s, CH3); δP(81.01 MHz, CDCl3)
18.60 (s).

4-(Diethylphosphonyl)-2-methyl-1-(uracil-1-yl)hepta-2,3-diene
19

Compound 19 was prepared in the same manner described for
18. 63% (0.45 g) yield. TLC: Rf = 0.51 (CHCl3/MeOH = 10 : 1.0)
(Found: C, 53.87; H, 7.03; N, 7.81; P, 8.61. C16H25N2O5P
(356.360) requires C, 53.93; H, 7.07; N, 7.86; P, 8.69%);
νmax(KBr)/cm�1 1967 (C��C��C); δH(200 MHz, CDCl3) 9.65 (1 H,
br s, NH), 7.53 (1 H, d, J 7.8, ��CH uracil), 5.74 (1 H, dd, J 7.8,
JH,P 2.0 Hz, ��CH uracil), 4.39 (2 H, d, JH,P 6.8, CH2N), 4.18–
3.96 (4 H, m, 2 × CH3CH2O), 2.15–2.01 (2 H, m, CH2–C��), 1.78
(3 H, d, JH,P 6.8, CH3–C��), 1.45 (2 H, sext, JH,P 7.2, CH2), 1.33
(3 H, t with small splits, J 7.2, CH3CH2O), 1.32 (3 H, t, J 7.2,
CH3CH2O), 0.91 (3 H, t, J 7.2, CH3); δC(50.3 MHz, CDCl3)
206.18 (d, JC,P 6.0, ��C��), 163.91 (s, C��O), 150.89 (s, C��O),
144.14 (s, ��CH uracil), 102.03 (s, ��CH uracil), 98.66 (d, JC,P

16.7, C��C��C–CH3), 96.85 (d, JC,P 185.8, P–C��), 61.86 (d, JC,P

6.0, CH3CH2O), 61.76 (d, JC,P 5.9, CH3CH2O), 48.35 (d, JC,P

6.7, CH2N), 30.02 (d, JC,P 6.2, CH2), 20.88 (d, JC,P 6.6, CH2),
15.96 (d, JC,P 6.4, CH3CH2O), 15.22 (d, JC,P 6.3, CH3CH2O),
15.22 (d, JC,P 6.7, CH3 C��C��), 13.16 (s, CH3); δP(81.01 MHz,
CDCl3) 18.74 (s).

4-(Diethylphosphonyl)-2-methyl-1-(thymin-1-yl)hepta-2,3-diene
20

Compound 20 was prepared in the same manner described for
18. 70% (0.52 g) yield. TLC: Rf = 0.56 (CHCl3/MeOH = 10 : 1.0)
(Found: C, 55.8; H, 7.31; N, 7.50; P, 8.32. C17H27N2O5P
(370.387) requires C, 55.13; H, 7.35; N, 7.56; P, 8.36%);
νmax(KBr)/cm�1 1967 (C��C��C); δH(200 MHz, CDCl3) 10.25
(1 H, br s, NH), 7.31 (1 H, q, J 1.2, ��CH thymine), 4.35 (2 H, d,
JH,P 6.4, CH2N), 4.17–4.08 (4 H, m, 2 × CH3CH2O), 2.15–2.01
(2 H, m, CH2–C��), 1.93 (3 H, d, J 1.2, H3C thymine), 1.78 (3 H,
d, J H,P 6.8, CH3–C��), 1.45 (2 H, sext, J 7.2, CH2), 1.33 (3 H, t
with small splits, J 7.2, CH3CH2O), 1.32 (3 H, t, J 7.2,
CH3CH2O), 0.91 (3 H, t, J 7.2, CH3); δC(50.3 MHz, CDCl3)
206.23 (d, JC,P 6.0, ��C��), 164.36 (s, C��O), 151.03 (s, C��O),
140.03 (s, ��CH thymine), 110. 56 (s, CH3–C�� thymine), 98.66 (d,
JC,P 16.7, C��C��C–CH3), 96.78 (d, JC,P 186.0, P–C��), 61.89
(d, JC,P 6.1, CH3CH2O), 61.83 (d, JC,P 6.0, CH3CH2O), 48.32 (d,
JC,P 6.7, CH2N), 30.20 (d, JC,P 6.4, CH2), 21.04 (d, JC,P 6.6,
CH2), 16.08 (d, JC,P 6.3, 2 × CH3CH2O), 15.39 (d, JC,P 6.6,
CH3C��C��), 13.28 (s, CH3), 12.01 (s, CH3 thymine); δP(81.01
MHz, CDCl3) 18.83 (s).

1-(Adenin-9-yl)-4-(diethylphosphonyl)-2-methylocta-2,3-diene 21

Compound 21 was prepared in the same manner described for
18. 58% (0.46 g). TLC: Rf = 0.55 (CHCl3/MeOH = 10 : 1.5). Mp
92–96 �C. (Found: C, 54.90; H, 7.13; N, 17.70; P, 7.76. C18H28-
N5O3P (393.427) requires C, 54.95; H, 7.17; N, 17.80; P, 7.87%);
νmax(KBr)/cm�1 1970 (C��C��C); δH(200 MHz, CDCl3) 8.31 (1 H,
s) and 7.96 (1 H, s, H8 and H2 adenine), 6.48 (2 H, br s, NH2),
4.76 and 4.72 (2 H, ABX, J 15.8, JH,P 7.0, JH,P 5.9, CH2N), 4.12–
3.89 (4 H, m, 2 × CH3CH2O), 2.1–1.83 (2 H, m, CH2–C��), 1.81
(3 H, d, JH,P 7.0, CH3–C��), 1.34–1.12 (10 H, m, 2 × CH2, 2 ×
CH3CH2O), 0.80 (3 H, t, J 7.1, CH3); δC(50.3 MHz, CDCl3)
205.85 (d, JC,P 5.9, ��C��), 155.60 (s, ��C adenine), 152.85 (s, ��CH
adenine), 149.79 (s, ��C adenine), 140.77 (s, ��CH adenine),
118.88 (s, ��C adenine), 99.34 (d, JC,P 16.8, C��C��C–CH3), 97.33
(d, JC,P 185.6, P–C��), 62.08 (d, JC,P 5.9, CH3CH2O), 61.85 (d,
JC,P 6.1, CH3CH2O), 45.06 (d, JC,P 7.2, CH2N), 29.91 (d, JC,P

6.5, CH2), 27.93 (d, JC,P 6.1, CH2), 21.86 (s, CH2), 16.16 (d, JC,P

6.4, 2 × CH3CH2O), 15.83 (d, JC,P 6.6, CH3C��C��), 13.61 (s,
CH3); δP(81.01 MHz, CDCl3) 18.68 (s).

4-(Diethylphosphonyl)-2-methyl-1-(uracil-1-yl)octa-2,3-diene 22

Compound 22 was prepared in the same manner described for
18. 72% (0.53 g) yield. TLC: Rf = 0.48 (CHCl3/MeOH = 10 : 1.0)
(Found: C, 55.04; H, 7.31; N, 7.52; P, 8.42. C17H27N2O5P
(370.387) requires: C, 55.13; H, 7.35; N, 7.56; P, 8.36%);
νmax(KBr)/cm�1 1967 (C��C��C); δH(200 MHz, CDCl3) 10.28
(1 H, br s, NH), 7.43 (1 H, d, J 7.9, ��CH uracil), 5.67 (1 H, dd,
J 7.9, JH,P 2.0, ��CH uracil), 4.33 and 4.28 (2 H, ABX, J 16.0,
JH,P 7.1, JH,P 5.9, CH2N), 4.11–3.91 (4 H, m, 2 × CH3CH2O),
2.09–1.96 (2 H, m, CH2–C��), 1.70 (3 H, d, J H,P 6.9, CH3–C��),
1.41–1.21 (10 H, m, 2 × CH2, 2 × CH3CH2O), 0.82 (3 H, t, J 7.2,
CH3); δC(50.3 MHz, CDCl3) 206.5 (d, JC,P 6.1, ��C��), 163.80 (s,
C��O), 150.96 (s, C��O), 144.25 (s, ��CH uracil), 102. 31 (s, ��CH
uracil), 98.78 (d, JC,P 16.7, C��C��C–CH3), 97.30 (d, JC,P 185.8,
P–C��), 62.01 (d, JC,P 5.9, CH3CH2O), 62.13 (d, JC,P 6.1,
CH3CH2O), 48.73 (d, JC,P 6.6, CH2N), 29.98 (d, JC,P 6.4, CH2),
27.93 (d, JC,P 6.3, CH2), 21.90 (s, CH2), 16.22 (d, JC,P 6.3,
CH3CH2O), 16.19 (d, JC,P 6.2, CH3CH2O), 15.47 (d, JC,P 6.7,
CH3C��C��), 13.63 (s, CH3); δP(81.01 MHz, CDCl3) 18.85 (s).

4-(Diethylphosphonyl)-2-methyl-1-(thymin-1-yl)octa-2,3-diene
23

Compound 23 was prepared in the same manner described for
18. 68% (0.52 g) yield. TLC: Rf = 0.51 (CHCl3/MeOH = 10 : 1.0)
(Found: C, 56.18; H, 7.70; N, 7.34; P, 8.17. C18H29N2O5P
(384.414) requires C, 56.24; H, 7.60; N, 7.29; P, 8.06);
νmax(KBr)/cm�1 1967 (C��C��C); δH(200 MHz, CDCl3) 9.57 (1 H,
s, NH), 7.13 (1 H, q, J 1.2, ��CH), 4.29 (2 H, d, JH,P 6.4, CH2N),
4.10–3.94 (4 H, m, 2 × CH3CH2O), 2.11–1.98 (2 H, m, CH2–
C��), 1.87 (3 H, d, J 1.2, H3C thymine), 1.71 (3 H, d, JH,P 6.9,
CH3–C��), 1.41–1.22 (10 H, m, 2 × CH2 � 2 × CH3CH2O), 0.83
(3 H, t, J 7.2, CH3); δC(200 MHz, CDCl3) 206.4 (d, JC,P 6.1,
��C��), 164.26 (s, C��O), 150.98 (s, C��O), 140.10 (s, ��CH thy-
mine), 110.77 (s, CH3–C�� thymine), 98.86 (d, JC,P 16.6, C��C��
C–CH3), 97.05 (d, JC,P 185.9, P–C��), 62.06 (d, JC,P 6.0,
CH3CH2O), 61.98 (d, JC,P 6.0, CH3CH2O), 48.54 (d, JC,P 6.7,
CH2N), 30.03 (d, JC,P 6.5, CH2), 27.98 (d, JC,P 6.4, CH2), 21.95
(s, CH2), 16.24 (d, JC,P 6.3, 2 × CH3CH2O), 15.55 (d, JC,P 6.6,
CH3C��C��), 13.94 (s, CH3), 12.18 (s, CH3 thymine); δP(81.01
MHz, CDCl3) 18.93 (s).

General procedure for preparation of the compounds 2a–2f.
1-(Adenin-9-yl)-2-methyl-4-(phosphonyl)hepta-2,3-diene 2a

Bromotrimethylsilane (0.77 g, 0.005 mol) was added dropwise,
via syringe, at room temperature, to the diester 18 (0.379 g,
0.001 mol) in 10 cm3 of alcohol-free chloroform and the
reaction mixture was stirred in a closed flask overnight. The
solvents were removed under diminished pressure and the resi-
dual oil was dissolved in CH3CN (40 cm3), treated with water
(0.5 cm3) and the solution stirred at 40–50 �C for 1 h. The
reaction mixture was evaporated in vacuo, and the product was
crystallized from hexane: yield 0.22 g (68%) of compound 2a.
Mp 144–146 �C (Found: C, 48.37; H, 5.64; N, 21.60; P, 9.47.
C13H18N5O3P (323.293) requires C, 48.30; H, 5.61; N, 21.66; P,
9.58%); νmax(KBr)/cm�1 1965 (C��C��C); δH(200 MHz, CDCl3)
8.45 (1 H, s) and 8.42 (1 H, s, H8 and H2adenine), 5.27 (s,
(HO)2P(O), NH2 and OHCD3), 4.97 (2 H, d, JH,P 6.9, CH2N),
2.00–1.83 (2 H, m, CH2–C��), 1.84 (3 H, d, JH,P 6.8, CH3C��C��),
1.34 (2 H, sext, J 7.4, CH2), 0.85 (3 H, t, JH,H 7.4, CH3); δC (50.3
MHz, CD3OD) 203.42 (d, JC,P 5.5, ��C��), 149.55 (s, ��C, aden-
ine), 148.28 (s, ��CH, adenine), 143.97 (s, ��C, adenine), 143.29
(s, ��CH, adenine), 117.40 (s, ��C, adenine), 99.11 (d, JC,P 16.2,
C��C��C–CH3), 99.25 (d, JC,P 184.7, P–C��), 44.93 (d, JC,P 6.9,
CH2N), 29.62 (d, JC,P 7.2, CH2), 20.47 (d, JC,P 6.4, CH2), 14.12
(d, JC,P 6.5, CH3C��C��), 12.00 (s, CH3); δP(81.01 MHz, CDCl3)
15.89 (s).
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2-Methyl-4-(phosphonyl)-1-(uracil-1-yl)hepta-2,3-diene 2b

Compound 2b was prepared in the same manner described for
2a. Yield 0.24 g (80%). Mp 184–186 �C (Found: C, 48.07; H,
5.74; N, 9.36; P, 10.40. C12H17N2O5P (300.252) requires C,
48.00; H, 5.71; N, 9.33; P, 10.32%); νmax(KBr)/cm�1 1965 (C��C��
C); δH (200 MHz, CD3OD) 7.43 (1 H, d, J 8.0, ��CH uracil), 5.55
(1 H, d, J 8.0, ��CH uracil), 5.00 (s, (HO)2P(O), NH and
OHCD3), 4.32 and 4.16 (2 H, ABX, J 15.6, JH,P 6.4, JH,P 7.6,
CH2N), 2.2–1.93 (2 H, m, CH2–C��), 1.66 (3 H, d, JH,P 6.6, CH3–
C��), 1.34 (2 H, sext, J 7.4, CH2), 0.81 (3 H, t, JH,H 7.4, CH3);
δC (50.3 MHz, CD3OD) 203.75 (d, JC,P 5.7, ��C��), 164.74 (s,
C��O), 150.70 (s, C��O), 145.21 (s, ��CH uracil), 100.53 (s, ��CH
uracil), 99.10 (d, JC,P 184.9, P–C��), 98.65 (d, JC,P 16.2, C��C��C–
CH3), 48.20 (d, JC,P 6.9, CH2N), 29.78 (d, JC,P 6.5, CH2), 20.58
(d, JC,P 6.6, CH2), 13.94 (d, JC,P 6.5, CH3C��C��), 12.11 (s, CH3);
δP (81.01 MHz, CD3OD) 16.18 (s).

2-Methyl-4-(phosphonyl)-1-(thymin-1-yl)hepta-2,3-diene 2c

Compound 2c was prepared in the same manner described for
2a. Yield 0.25 g (79%). Mp 204–206 �C (Found: C, 49.62; H,
6.14; N, 8.97; P, 9.81. C13H19N2O5P (314.279) requires C, 49.68;
H, 6.09; N, 8.91; P, 9.86%); νmax(KBr)/cm�1 1961 (C��C��C);
δH (200 MHz, CD3OD) 7.38 (1 H, q, J 1.2, ��CH thymine), 5.13
(s, (HO)2P(O), NH and CD3OH), 4.38 and 4.22 (2 H, ABX,
J 15.6, JH,P 6.2, JH,P 7.8, CH2N), 2.15–2.02 (2 H, m, CH2–C��),
1.86 (3 H, d, JH,H 1.2, H3C thymine), 1.76 (3 H, d, JH,P 6.6, CH3–
C��), 1.46 (2 H, sext, J 7.2, CH2), 0.92 (3 H, t, J 7.2, CH3);
δC (50.3 MHz, CD3OD) 203.75 (d, JC,P 5.5, ��C��), 164.92 (s,
C��O), 150.93 (s, C��O), 141.05 (s, ��CH thymine), 109.45 (s,
CH3–C�� thymine), 99.01 (d, JC,P 185.0, P–C��), 99.73 (d,
JC,P 16.2, C��C��C–CH3), 47.91 (d, JC,P 6.5, CH2N), 29.80 (d,
JC,P 7.4, CH2), 20.60 (d, JC,P 6.7, CH2), 13.87 (d, JC,P 6.6, CH3C��
C��), 12.13 (s,CH3), 10.41 (s, CH3 thymine); δP (81.01 MHz,
CD3OD) 16.36 (s).

1-(Adenin-9-yl)-2-methyl-4-(phosphonyl)octa-2,3-diene 2d

Compound 2d was prepared in the same manner described for
2a. Yield 0.17 g (51%). Mp 122 –126 �C (Found: C, 49.74; H,
5.93; N, 20.72; P, 9.23. C14H20N5O3P (337.319) requires C,
49.85; H, 5.98; N, 20.76; P, 9.18); νmax(KBr)/cm�1 1965 (C��C��
C); δH (200 MHz, CD3OD) 8.48 (1 H, s) and 8.47 (1 H, s, H8 and
H2adenine), 5.7 (s, (HO)2P(O), NH2 and CD3OH), 5.00 (2 H, d,
JH,P 7.1, CH2N), 2.02–1.84 (2 H, m, CH2–C��), 1.86 (3 H, d, J H,P

7.0, CH3–C��), 1.30–1.12 (4 H, m, 2 × CH2), 0.80 (3 H, t, JH,P

7.2, CH3); δC (50.3 MHz, CD3OD) 203.30 (d, JC,P 5.6, ��C��),
149.40 (s, ��C, adenine), 148.21 (s, ��CH, adenine), 143.99 (s, ��C,
adenine), 143.34 (s, ��CH, adenine), 117.19 (s, ��C, adenine),
99.53 (d, JC,P 16.3, C��C��C–CH3), 99.26 (d, JC,P 185.3, P–C��),
44.88 (d, JC,P 6.9, CH2N), 29.36 (d, JC,P 6.5, CH2), 27.16 (d,
JC,P 7.4, CH2), 21.12 (s, CH2), 14.21 (d, JC,P 6.4, CH3C��C��),
12.73 (s, CH3); δP (81.01 MHz, CD3OD) 16.05 (s).

2-Methyl-4-(phosphonyl)-1-(uracil-1-yl)octa-2,3-diene 2e

Compound 2e was prepared in the same manner described for
2a. Yield 0.24 g (75%). Mp 158–162 �C (Found: C, 49.66; H,
6.13; N, 8.89; P, 9.90. C13H19N2O5P (314.279) requires C, 49.68;
H, 6.09; N, 8.91; P, 9.86%); νmax(KBr)/cm�1 1965 (C��C��C);
δH (200 MHz, CD3OD) 7.54 (1 H, d, J 7.9, ��CH uracil), 5.66
(1 H, d, J 7.9, ��CH uracil), 5.00 (s, (HO)2P(O), NH and
CD3OH), 4.34 and 4.30 (2 H, ABX, J 15.6, JH,P 6.4, JH,P 7.6,
CH2N), 2.18–2.06 (2 H, m, CH2–C��), 1.78 (3 H, d, JH,P 6.6,
CH3–C��), 1.49–1.24 (4 H, m, 2 × CH2), 0.91 (3 H, t, J 7.3, CH3);
δC (50.3 MHz, CD3OD) 203.66 (d, JC,P 5.7, ��C��), 164.76 (s,
C��O), 150.75 (s, C��O), 145.20 (s, ��CH uracil), 100.53 (s, HC��
uracil), 99.45 (d, JC,P 184.6, P–C��), 98.70 (d, JC,P 16.2, C��C��C–
CH3), 48.67 (d, JC,P 6.7, CH2N), 29.52 (d, JC,P 6.5, CH2), 27.42
(d, JC,P 7.3, CH2), 21.33 (s, CH3), 13.98 (d, JC,P 6.5, CH3C��C��),
12.27 (s, CH3); δP (81.01 MHz, CD3OD) 16.18 (s).

2-Methyl-4-(phosphonyl)-1-(thymin-1-yl)octa-2,3-diene 2f

Compound 2f was prepared in the same manner described for
2a. Yield 0.25 g (76%). Mp 214–216 �C (Found: C, 51.20; H,
6.43; N, 8.62; P, 9.51. C14H21N2O5P (328.306) C, 51.22; H, 6.45;
N, 8.53; P, 9.43%); νmax(KBr)/cm�1 1961 (C��C��C); δH (200
MHz, CD3OD) 7.38 (1 H, q, J 1.0 Hz, ��CH thymine), 5.00 (s,
(HO)2P(O), NH and CD3OH), 4.30 and 4.24 (2 H, ABX, J 15.5,
JH,P 6.2, JH,P 7.6, CH2N), 2.17–2.04 (2 H, m, CH2–C��), 1.86
(3 H, d, J 1.0, H3C thymine), 1.76 (3 H, d, JH,P 6.6, CH3–C��),
1.44–1.27 (4 H, m, 2 × CH2), 0.91 (3 H, t, J 7.3, CH3); δC (50.3
MHz, CD3OD) 204.63 (d, JC,P 5.6, ��C��), 165.89 (s, C��O),
151.90 (s, C��O), 142.02 (s, ��CH thymine), 110.41 (s, CH3–
C�� thymine), 100.22 (d, JC,P 184.8, P–C��), 99.75 (d, JC,P 16.2,
C��C��C–CH3), 48.85 (d, JC,P 6.8, CH2N), 30.52 (d, JC,P 6.5,
CH2), 28.37 (d, JC,P 7.5, CH2), 22.32 (s, CH2), 14.89 (d, JC,P 6.6,
CH3C��C��), 13.27 (s, CH3), 11.40 (s, CH3 thymine); δP (81.01
MHz, CD3OD) 16.31 (s).

4-(Diethylphosphonyl)-2-methylbut-1-en-3-yne 24

Compound 24 was prepared in the same manner described for
18. 84% (0.34 g) yield. TLC: Rf = 0.74 (CHCl3/MeOH = 10 : 0.3)
(Found: C, 53.50; H, 7.53; P, 15.20. C9H15O3P (202.191)
requires C, 53.46; H, 7.48; P, 15.32%); νmax(film)/cm�1 1614,
1676, 2183 and 2990; δH (200 MHz, CDCl3) 5.61 (1 H, ddq,
J 1.0, J 1.3, JH,P 1.2, HHC��), 5.53 (1 H, ddq, J 1.6, J 1.3, JH,P

1.1, HHC��), 4.18 (4 H, m, J 7.1, JH,P 8.5, 2 × CH3CH2O), 1.94
(3 H, m, CH3–C��), 1.37 (6 H, t, J 7.1, 2 × CH3CH2O); δC(50.3
MHz, CDCl3) 127.70 (d, JC,P 3.3, ��CH2), 124.14 (d, JC,P 5.8,
��C), 99.96 (d, JC,P 52.0, ���C), 77.05 (d, JC,P 299.6, ���C–P), 63.00
(d, JC,P 5.6, 2 × CH3CH2O), 22.02 (d, JC,P 1.7, ��CCH3), 15.95 (d,
JC,P 7.0, 2CH3CH2O); δP(81.01 MHz, CDCl3) 5.78 (s).

Z-4-(Diethylphosphonyl)-3-(uracil-1-yl)octa-2,3-diene 25a and
E-4-(diethylphosphonyl)-3-(uracil-1-yl)octa-2,3-diene 25b

The procedure for compound 18 was followed using compound
16 (0.32 g, 0.002 mol), uracil (0.45 g, 0.004 mol), and Cs2CO3

(1.3 g, 0.004 mol) in DMF (30 ml) to give Z and E isomers 25a
and 25b. The Z/E ratio was 1 : 1. The mixture of Z and E
isomers was chromatographed on a silica gel column (CHCl3/
MeOH, 10 : 0.4 10 : 1.0) to give the Z isomer (0.15 g, 20%)
and E isomer (0.17 g, 23%) as an oil.

Z Isomer 25a. TLC: Rf = 0.39 (CHCl3/MeOH = 10 : 0.8)
(Found: C, 55.01; H, 7.27; N, 7.50; P, 8.43. C17H27N2O5P
(370.387) requires C, 55.13; H, 7.35; N, 7.56; P, 8.36%);
νmax(film)/cm�1 1996, 1701 (C��C); δH(200 MHz, CDCl3) 8.92
(1 H, br s, NH), 7.00 (1 H, d, J 7.8, ��CH uracil), 6.77 (1 H, ddd,
J 16.8, J 10.4, JH,P 2.0, –HC��CH2), 5.74 (1 H, dd, J 7.8, JH,P 2.2,
��CH uracil), 5.51 (1 H, dd, J 10.4, JH,P 3.6, ��CHH,), 5.30 (1 H,
dd, J 16.8, J 1.6, ��CHH), 4.14–3.98 (4 H, m, 2 × CH3CH2O),
2.37 (2 H, dt, J 7.2, JH,P 18.8, CH2C��), 1.60–1.35 (4 H, m, 2 ×
CH2), 1.30 (3 H, t, J 6.6, CH3CH2O), 1.26 (3 H, t, J 6.8,
CH3CH2O), 0.92 (3 H, t, J 7.2, CH3); δC(50.3 MHz, CDCl3)
163.68 (s, C��O), 149.70 (s, C��O), 145.53 (s, ��CH uracil), 143.25
(d, JC,P 2.1, N–C��), 134.01 (d, JC,P 174.5, P–C��), 129.02 (d, JC,P

15.6, –CH��CH2), 121.14 (s, ��CH2), 101.06 (s, ��CH uracil),
62.44 (d, JC,P 6.0, 2 × CH3CH2O), 31.80 (d, JC,P 1.9, CH2), 29.42
(d, JC,P 6.6, CH2), 22.67 (s, CH2), 16.17 (d, JC,P 6.7, 2 ×
CH3CH2O), 13.72 (s, CH3); δP(81.01 MHz, CDCl3) 16.45 (s).

E Isomer 25b. TLC: Rf = 0.47 (CHCl3/MeOH = 10 : 0.8)
(Found: C, 55.21; H, 7.39; N, 7.48; P, 8.30. C17H27N2O5P
(370.387) requires C, 55.13; H, 7.35; N, 7.56; P, 8.36%); νmax-
(film)/cm�1 1994, 1700 (C��C); δP(200 MHz, CDCl3) 9.63 (1 H,
br s, NH), 7.55 (1 H, ddd, J 16.8, J 10.8, JH,P 1.4, HC��CH2), 7.0
(1 H, d, J 8.0, CH�� uracil), 5.83 (1 H, dd, J 8.0, JH,P 2.0, CH��
uracil), 5.42 (1 H, dd, J 10.8, J 1.2, ��CHH ), 5.14 (1 H, d, J 16.8,
��CHH), 4.27–4.08 (4 H, m, 2 × CH3CH2O), 2.28–2.13 (2 H, m,
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CH2C��), 1.49–1.24 (10 H, m, 2 × CH2� 2 × CH3CH2), 0.86
(3 H, t, J 7.2, CH3); δC(50.3 MHz, CDCl3) 163.63 (s, C��O),
148.99 (s, C��O), 144.81 (s, ��CH uracil), 144.34 (d, JC,P 3.4, N–
C��), 133.95 (d, JC,P 168.7, P–C��), 131.26 (d, JC,P 4.6, –CH��
CH2), 119.84 (s, ��CH2), 102.14 (s, ��CH uracil), 62.46 (d, JC,P

5.5, CH3CH2O), 62.21 (d, JC,P 5.6, CH3CH2O), 30.78 (d, JC,P

6.6, CH2), 30.65 (s, CH2), 22.84 (s, CH2), 16.19 (d, JC,P 6.4,
CH3CH2O), 16.11 (d, JC,P 6.6, CH3CH2O), 13.51 (s, CH3);
δP(81.01 MHz, CDCl3) 17.22 (s).

Z-4-(Diethylphosphonyl)-3-(thymin-1-yl)octa-2,3-diene 26a and
E-4-(diethylphosphonyl)-3-(thymin-1-yl)octa-2,3-diene 26b

Compounds 26a and 26b prepared in the same manner
described for 25a and 25b. The mixture of Z and E isomers
was chromatographed on a silica gel column (CHCl3/MeOH,
10 : 0.4 10 : 1.0) to give the Z isomer (0.14 g, 18%) and E
isomer (0.16 g, 21%) as an oil.

Z Isomer 26a. TLC: Rf = 0.42 (CHCl3/MeOH = 10 : 0.8)
(Found: C, 56.29; H, 7.61; N, 7.32; P, 8.00. C18H29N2O5P
(384.414) requires C, 56.24; H, 7.60; N, 7.29; P, 8.06%); νmax(film)/
cm�1 1995, 1700 (C��C); δH(200 MHz, CDCl3) 9.10 (1 H, br s,
NH), 6.84 (1 H, q, J 1.2, ��CH thymine), 6.77 (1 H, ddd, J 16.9,
J 10.7, JH,P 2.0, –HC��CH2), 5.50 (1 H, dd, J 10.7, JH,P 4.5,
��CHH,), 5.28 (1 H, dd, J 16.9, J 1.5, ��CHH), 4.14–3.99 (4 H, m, 2
× CH3CH2O), 2.52 (2 H, dt, J 7.2, JH,P 19.0, CH2C��), 1.94 (3 H, d,
J 1.2, CH3–C�� thymine), 1.65–1.40 (4 H, m, 2 × CH2), 1.30 (3 H,
t, J 6.6, CH3CH2O), 1.26 (3 H, t, J 6.8, CH3CH2O), 0.96 (3 H, t,
J 7.2, CH3); δC(50.3 MHz, CDCl3) 164.39 (s, C��O), 149.82 (d, JC,P

1.2, C��O), 143.43 (d, JC,P 2.0, N–C��), 141.48 (d, JC,P 1.5, ��CH
thymine), 133.73 (d, JC,P 174.5, P–C��), 129.00 (d, JC,P 15.9, –CH��
CH2), 121.09 (s, ��CH2), 109.18 (s, CH3–C�� thymine), 62.40 (d,
JC,P 5.8, CH3CH2O), 62.25 (d, JC,P 6.1, CH3CH2O), 31.81 (d, JC,P

1.9, CH2), 29.44 (d, JC,P 6.9, CH2), 22.64 (s, CH2), 16.10 (d, JC,P

6.8, 2 × CH3CH2O), 13.69 (s, CH3), 12.16 (s, CH3 thymine);
δP(81.01 MHz, CDCl3) 16.70 (s).

E Isomer 26b. TLC: Rf = 0.53 (CHCl3/MeOH = 10 : 0.8)
(Found: C, 56.30; H, 7.65; N, 7.38; P, 8.13. C18H29N2O5P
(384.414) requires C, 56.24; H, 7.60; N, 7.29; P, 8.06%); νmax-
(film)/cm�1 1996, 1700 (C��C); δH(200 MHz, CDCl3) 9.20 (1 H,
br s, NH), 7.54 (1 H, ddd, J 16.9, J 10.8, JH,P 1.5, HC��CH2),
6.84 (1 H, q, J 1.2, ��CH thymine), 5.43 (1 H, dd, J 10.8, JH,P 1.4,
��CHH ), 5.15 (1 H, d, J 16.9, ��CHH), 4.30–4.05 (4 H, m, 2 ×
CH3CH2O), 2.21 (2 H, dt, J 7.2, JH,P 18.3, CH2C��), 1.98 (3 H, d,
J 1.2, CH3–C�� thymine), 1.42–1.24 (10 H, m, 2 × CH2�2 ×
CH3CH2), 0.86 (3H, t, J 7.2, CH3); δC(50.3 MHz, CDCl3)
164.15 (s, C��O), 149.00 (s, C��O), 144.78 (d, JC,P 25.3, N–C��),
140.08 (s, ��CH thymine), 133.74 (d, JC,P 168.6, P–C��), 131.28
(d, JC,P 4.8, –CH��CH2), 119.84 (s, ��CH2), 110.69 (s, CH3–C��
thymine), 62.41 (d, JC,P= 5.5, CH3CH2O), 62.17 (d, JC,P 6.0,
CH3CH2O), 30.72 (d, JC,P 6.8, CH2), 30.72 (d, JC,P 1.8, CH2),
22.84 (s, CH2), 16.21 (d, JC,P 6.4, CH3CH2O), 16.14 (d, JC,P 6.5,
CH3CH2O), 13.53 (s, CH3), 12.19 (s, CH3 thymine); δC(81.01
MHz, CDCl3) 17.47 (s).

Crystal structure determination of 1-(adenin-9-yl)-4-
(diethylphophonyl)-2-methylhepta-2,3-diene 18

Crystal data. C17H26N5O3P, M = 379.40, monoclinic, a =
28.047(6), b = 11.272(2), c = 13.562(3) Å, β = 103.05 (3), U =
4176.8(15) Å3, T = 293(2) K, space group C2/c, Z = 8, µ(Mo–Kα)
= 0.157 mm�1, 1018 reflections measured, 997 unique (Rint =
0.0186) which were used in all calculations. The final wR(F2)
was 0.1621 (all data).

Crystal structure determination of 2-methyl-4-(phosphonyl)-1-
(thymin-1-yl)octa-2,3-diene 2f

Crystal data. C14H20N2O5P, M = 327.29, monoclinic,
a = 14.135(3), b = 8.272(2), c = 14.408(3) Å, β = 106.97 (3),

U = 1611.3(15) Å3, T = 293(2) K, space group P21/n, Z = 4,
µ(Mo–Kα) = 0.195 mm�1, 1890 reflections measured, 1810
unique (Rint = 0.02141) which were used in all calculations. The
final wR(F2) was 0.1059 (all data).
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