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Abstract — A promising approach to the synthesis of phosphamide lipid constructions of cationic type on the
basis of cyclophosphites and -amidophosphites is considered. The latter easily undergo oxidative decycliza-
tion under the action ofchlorine or bromine. The resulting halophosphates and amidohalophosphates take part
in various reactions finally leading to models of cationic phosphatidyl cholines which are among priority
objects of modern phospholipid chemistry.

Synthesis of phosphatidyl cholines and theirapplication of this reaction in phospholipid synthesis.
analogs and models is of great scientific importancét includes synthesis of new phosphorylating reagents,
and, therefore, it has attracted considerable intereshsymmetrical halophosphates, by halogenation of
[1, 2]. Important contribution in the progress of thisthe simplest alkylene phosphites and amidophos-
area of reasearch has been made by recent proposplstes and subsequent reaction of the products with
concerning the use of trivalent phosphorus compoundslycerol derivatives. An advantage of this new ap-
and phosphocyclic systems as basic starting materigisoach with inverted sequence of formation of the
[3, 4]. In the present work we have combined thes@hosphoglycerol unit in phosphoglycerol molecules is
two lines, aiming at elaborating phospholipid syn-that the glycerol fragment is included in phospholipid
theses on the basis of cyclophosphites and -amidophosslecules in the final stage of the synthesis and that
phites of various classes. Our attention to phosphit opens up possibilities for synthesis of a broad range
amide systems is explained by their availability, highof various analogs phospholipids. It is important that
reactivity, as well as prospective use of phosphamidmany of such analogs are difficult to prepare, if any,
glycerides in medical and biological studies-8. by previously reported methods.

The latter is due to the fact that phospholipids contain-

ing a phosphamide function are to a certain exten . . ; .
isosteric to phosphates and much differ from them Iéhé)tsh%k;;eg maert'ﬁypfrg'g?fxgoziﬁhﬁfssphggg &) hg/t\l/(;ggens.

polarity [4]. Therefore, enzymologic comparison of
glycerol-derived phosphates and phosphoramidatecgos‘en as the ester substrate.

In the first stage we explored reactions of cyclic

may prove very useful for study of general regularities Hig

of lipid metabolism as well as for design of new bio- Et_OF{ _Hig, | Eto_p<

regulators. This circumstance stimulates investigations N (Il) 'TICHzCHzng
on phosphamide lipids for characterization of enzymes, (|3H3 CHs

such as phosphohydrolases [9, 10].
| 1, 1
The method is based on the reaction of alkylene

phosphites and dialkylamidophosphites with halogens. Hig = Br (1), CI ().
Note that analogous reactions involving phospho-

rus(lll) cyclic systems have already been used for The reactions of compount with halogens were

preparing glycerophospholipids. Hence, phosphatidyarried out in chloroform at-20°C for 10 min.
cholines have been prepared by the reaction of halo-

gens (Bg, Cl,) with glycerocyclophosphites [£13], Note that this reaction is regioselective: Only an

the reaction of the same halogens with glycerocyclogXPlained by the strain of the phospholane ring, result-
amidophosphites [6]. ing from the increase in the coordination number of

phosphorus, produced by the reaction of the latter
In the present work we offer a new approach towith halogen.
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Under analogous conditions bromine and chlorine

reacted with 2-diethylamino-3-methyl-1,3,2-oxaza- \EL HZ?OXCH:*'
phospholane IY). VIl +V,VlI —=—=> HCO” "CHs
—HHig _NEt,
7 e Hig H2CO-NNCH,CH,HIg
EuN-P | —25 EN-P o |
N I NNCH,CH,Hlg CHs
| 0 X, X
CHs CHs )
\Y Vv, VI

Hig = Br (X), Cl (XI).
Hig = Br (V), Cl (VI).

Halidesll, Il, V , andVI were isolated by vacuum
distillation in 68-91% yields. Their individuality and
structure were confirmed b*P and'H NMR spectra.
The P NMR spectra showed singlets &6.3, 16.7,
20.4, and 6.3 ppm. Th#H NMR spectra contained a
characteristic doublet of protons of the-methyl
group atd 2.6-2.7 ppm fJPH 14 Hz) and a multiplet
of methylene protons of the N(GHCH, group até
3.3 ppm. The spectra of amidoestarsand Ill dis-
played signals of methyl and methylene protons of Note that due to the high yield of bromidés and
the O-ethyl group atd 1.3 and 4.2 ppm respectively, V in the reaction of cyclophosphitdsand IV with
while the spectra of diamideg¢ and VI, a triplet of bromine, these compounds can be reacted withQt,2-
methyl protons and a multiplet of methylene protondsopropylideneglycerol\(ll ) without isolation. In this
of the N-ethyl groups a6 1.1 and 3.1 ppm. In addi- case,O-ethyl glyceroamidophosphatélll is higher
tion, the spectra of bromophosphatésand V con- (69% after two stages) than in the reaction of com-
tained multiplets a6 3.43 ppm due to protons of the pound VIl with individual phosphorylating agerit
bromomethyl groups, while the spectra of chlorophos(56% after two stages).
phatedIl andVI, triplets due to protons of the chloro-
methyl groups ats 3.6 ppm {J,, 6 Hz).

reaction of 1,20-isopropylideneglycerolVIl with
bromidesll andV was complete in several days at
room temperature, and the yields of phosphoglycerols
were 83 and 76%, respectively. At the same time, the
reaction with chloridedll and VI could be accom-
plished only under heating at 8D. Therewith, the
yield of glyceroamidophosphatéX in the reaction
with chloridelll was 18% vyield, whereas the yield of
glyceroamidophosphat¥l in the reaction with chlo-
ride V was as low as a few perceht.

The P NMR spectra of glycerophosphatesl —
X contain broadened singlets in expected regi@ps (
Amidohalophosphatesl and 1l were also in- 10.1, 10.1, and 17.5 ppm, respectively). Inspite of the
volved in reaction with 1,23-isopropylideneglycerol fact that compound¥Ill —X, due to the presence of
(VIl') in the presence of equimolar amount of triethyl-chiral phosphorus atoms arfiicarbon atoms of the
amine. The reaction gave glyceroamidophosphateglycerol fragment, are mixtures of two pairs of dia-

VI, X . stereomers, we could not observe signals of individual
HZ(':O o HZ?OXCHg dla:;erilijel\r/lsF.e tra of gl hosphat®4l —X
NEty e spectra of glycerophosphat®$l —
H(|:O CHs +11L I =5 H(|:O %Hét compared with those of halidd Il , andV show
H2COH HzCO_P(NCH CH,HI two new singlets of methyl protons from the isopropyl-
I 2CHzhIg . .
VI o | idene protective group aé 1.3 and 1.4 ppm and
CHs multiplets of methylene and methine protons of the
VI, IX glycerol system at 3.8-4.3 ppm. Furthermore, the
diastereomeric anisochronicity causes splitting of
Hig = Br (Vill'), CI (IX). signals of theO-ethyl group in the spectra of glycero-

amidophosphate¥Ill andIX and of methyl protons
In a similar way, 1,29-isopropylideneglycerol of the N-ethyl groups of glyceroamidophosphate
(VII') was reacted with halodiamideg¢ and VI to (A8 0.02 ppm), as well as complication of signals of
obtain glyceroamidophosphates and XI. the majority of other protons [14].

The reaction progress was controlled Hf NMR
spectroscopy. Bromided and V reacted with the
glycerol derivative much more vigorously and inl GlyceroamidophosphateX andXI can be prepared in good
higher yields than chloridedl and VI. Hence, the yields according to the procedure [6].
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For the presented data on the relative reactivities dipid chemistry. The general scheme of synthesis of
bromophosphatedl and V and chlorophosphates phospholipid models from cyclic phosphites was
Il and VI toward glycerol derivativeVll we can similar to that described above. With ethyl ethylene
conclude that bromophosphates are more suitable f@hosphite XIV) as the starting compound, the final
this reaction. product was glycerophosphocholinéVIll .

Quaternization of trimethylamine with glycero- Let us dwell on some specific features of this
phosphobromoalkanéglll and X gave phosphamide sheme. It was found that dialkyl bromophosph¥ié
Xl and phosphodiamideXill models of cationic is much less stable in isolation and handling than the
phosphocholines. above-described amidobromophosphdteandV and
amidochlorophosphatedl and VI. Therefore, com-

M HZ?OXCH3 pound XV was reacted with 1,B-isopropylidene-
Vill, X ——2» HCO” “CHjs glycerol (VII') without isolation. The yield of glycero-
HZ(':(}P\ . phosphateXVI after two stages was 82%. It is im-
| "NCH2CHaN"MesBr- portant that the reaction of glycerophosphaw!|
O (|:H3 with triethylamine involved, along with quaterniza-
il Xl tion of the amine due to cleavage of theB: bond,

elimination of theO-ethyl group. In this respect the
reaction with glycerophosphat¢VI differs from the
similar reaction with glyceroamidophosphatd! : In

the latter reaction no elimination of th@-ethyl group

is observed. The difference in these two similar reac-
tions is determined by different electronic effects in
the XP(O)OEt fragment of the ethoxy group and the
amino group X.

= OEt (XIl), NEt, (XIIl ).

The reactions with trimethylamine were carried out
in a sealed ampule in benzene solution at@B0The
yields of glycerophosphocholinexIl and XIli
were 71 and 80%, respectively.

The 3P NMR spectra of lipid betaineXIl and : oy
XIll  contained broadened singlets with chemlcal Binary saltxXVIl was obtained in 72% yield. It was

shifts close to those of the parent phosphati#s and n?enr:/te(/b?t?l t:qgéygjgogg?ﬁggglc h.?lr:r;@;:gl d bg/f tg;?yagero-
X. The 'H NMR spectra of phospholipidXIl and phosphocholineXVIIl  after chromatographic purifi-
Xl compared with those of glycerophosphobromoCatlon on a silica gel column was 83%. Physmoche-
alkanesVill and X showed a new s_mglet belonging mical characteristics of compouniVIll were in

to methyl protons of the ammonium group &t agreement with published data [15]

3.4 ppm and downfield shifted signals pfmethylene '

protons of the CHCH,N"(CH,); group ¢ 3.5 ppm). The individuality and structure of compoundy/ —

. . . XVIIl were proved by physicochemical methods (see
Further we studied reactions of alkylene phOSph'te%xpenmental) The'H NMR spectra of bromophos-

and amidophosphites with halogens in relation to th hateXV and dialkyl glycerophosphatéVi contain

well-defined triplet and multiplet of methyl and
Et(}PZ:I B2 Etop” methylene protons of th®-ethyl group at 1.3 and
|| \OCHZCHzBr 4.1 ppm, as well as multiplets of methylene protons

of the CH,Br group at 3.5 ppm and the FXM,CH,Br
group at 4.5 ppm. In the spectrum of binary salt

i |-|2(|;o><c|-|3 - H2(|:o><CH3 XVILI , methyl protons from the ethyl group (()jf the
es EtN"Me; cation give a triplet at 1.36 ppm, and me-
H(|:O /%Hét H(|:O /%H?EtN’fMe ) thylene protons of this cation appear as a multlplet at
H2CO-PJ Ha CGhD +3 3.69 ppm. Methyl protons of th€H,N"Et cation give
& OCHCHBr o OCHLHNMesBI™ 3 singlet at 2.98 ppm, while those of the Me;Br-
group, a singlet at 3.44 ppm. The convertion of binary
XVl XVl salt XVII to phosphocholinexVlill have produced
o H2(|:O><CH3 expected spectral changes: The signals+ of the
2 EtN*Me; group have disapeared, and the'Mé
———> H H 3. : ’ 3
’ E(O}P/%ﬁ methyl singlet has shifted to 3.51 ppm.
277 NOCH,CHoN*Mes3 By treatment of ethylene and trimethylene amido-
O phosphites XIX and XX with bromine with sub-
XVl sequent realization of the above-described general
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scheme of synthesis of nitrogenous phospholipids weids, based on the preparation and use of eéec-
obtained the amide analog of cationic glycerophostive phosphorylating agents, bromophosphates, we

phocholine XXV and its homo derivativeXXVI . can conclude that that this procedure is preparatively
Br expedoient. It pe_rmits one to easily and effectively

Et N—P'O_|CH Bro, Bt NP control hydrophilic surrounding of phosphorus by

2 b(—l 2n —>Eb | NO(CH,),Br substitution of ester bonds by one or two phosph-
O amide functions, as well as the number of methylene

XIX, XX XXI, XXII units in the hydrophilic part of the molecule. In this
connetion the classical procedure of phosphorylation,

v HZCEOXCHS HZCEOXCHS widely used in phospholipid chemistry and based on
S HCO” MCHy NMes . HCO” N CHs the traditional chlorophosphates [1, 2], can be con-
H é&P/NEtz H éGP/NEtZ siderably improved by using corresponding bromo-
ZXTINO(CH)RBr 27 NO(CHp)N*Me3Br- phosphates for creation of the phosphorus entity. It is

O O important that in this way we could obtain a series of

XXII, XXIV XXV, XXVI model phOSphOllpldS with different types of exocyclic

bond with the cationic choline residue, which can

sed to success in enzymological studies as carriers

The reaction and product isolation were carried ou : . .
by the above-described procedures for amidophog-f biologically active compounds, as well as for

phatesll, VIl , andXIl . The intermediate phosphates olving other problems of physicochemical biology.
XXI-XXIV and the final glycerophosphocholines

XXV, XXVI were obtained in 643% yields. Note EXPERIMENTAL

the lower yield of propyl glycerophosphatéXIV

(64%) compared with ethyl glycerophospha¢ili The 'H NMR spectra of compounds, 111, V, VI,
(87%). VI =X, and XXI -XXVI in CDCl; were measured

. . , .. on a Bruker WM-250 instrument (250 MHz) against
Comparison of the chemical properties of bromlde?nternal TMS; the spectra were assigned on the basis

and chloridesll, I, V, VI, XV, XXI , and XXII . 1
reveals some regular trends. The most stable to han f double magnetic resonance data. ﬁ'}@jﬂﬂ}

. . : MR spectra of compounds§ IIl, V, VI, VIII
ing among bromidedl, V, XV, XXI , and XXII is :
diamidobromophosphat¥. It remains intact in an XV-XVIII , and XX -XXVI in CHCI; were recorded

inert atmosphere at room temperature for 2 week$h & Bruker WP-80 SY spectrometer (32.4 MHz)

Alkyl amidobromophosphate, XXI , and XXII are dgainst external 85% phosphoric acid.

less stable and under the above-described conditions Column chromatography was carried out on a
decompose within a week. Dialkyl bromophosphatel5-mm column of Silica gel L 100-20@m. Thin-
XV proved to be the least stable. We failed to isolatéayer chromatography was carried out on Silufol UV-
it pure because on attempted high-vacuum distillatio254 plates; eluents 3:1 benzed®xane (A), 3:1
(10* mm) it began to decompose already at a bathexanedioxane (B), 3:1 chloroforrmethanol (C),

temperature of 4%. Note that at 8C bromidesll, or 4:1 methanel water (D); development in iodine
V, XXI, and XXII can be stored for 1 month. vapor or by calcination at 25300°C. The melting
Contrary to bromidedl, V, XV, XXI , and XXIl, points were measured in a sealed capillary, heating

chlorideslll andVI are much more stable and can berate 1 deg/min.

handled in an inert atmosphere for several months. All experiments with trivalent phosphorus com-

The stability of chloridedl, IlI, V, VI, XV, XXl ,  pounds were carried out under dry argon. The solvents
and XXII on handling correlates with their reactivity were dried according to standard procedures. 2-
toward 1,20-isopropylideneglycerol\(ll ). Thus, di- Ethoxy-3-methyl-1,3,2-oxazaphospholanel) ( and
alkyl bromophosphatXV is the most active. ltseac- 2-(dimethylamino)-3-methyl-1,3,2-oxazaphospholane
tion is complete at room temperature in 10 h. The relV were prepared according to [16], 2-ethoxy-1,3,2-
action of alkyl amidobromophoshatds XXI , and dioxaphospholaneX(V ), according to [17], 2-(diethyl-
XXII at this temperature takes 24 h to complete, andmino)-1,3,2-dioxaphospholan¥IX ), and 2-(diethyl-
that of diamidobromophosphatg 72 h. Chlorophos- amino)-1,3,2-dioxaphosphorinan&X), according to
phateslll andVI are the least reactive toward 1(2- [18]. Physicochemical characteristics of the products
isopropylideneglycerol (Il ). agreed well with published data.

To complete the discussion of the new procedure Ethyl [(2-bromoethyl)methylamido]bromo-
for preparing complex models of glycerophospholi-phosphate (Il). To a solution of 0.3 g of oxazaphos-
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pholanel in 3 ml of chloroform, a solution of 0.32 g 6.21 Hz).31P NMR spectrumg, ppm: 27.9 s. Found,
of bromine in 1 ml of chloroform was added dropwise%: C 33.89; H 6.90; P 12.48. 8,,CI,N,OP. Cal-
with vigorous stirring at-30°C. After 10 min, the culated, %: C 34.02; H 6.94; P 12.53.

solvent was removed in a vacuum. Amidophosphate .
Il was isolated pure by vacuum distillation {Gnm) 1,2-0-Isopropylideneglycero-3-[ethyl [(2-bro-
at a bath temperature of 4B0°C. Yield 0.42 g (68%), Moethyl)methylamido]phosphate] ~ (Vill). To a

20 1 solution of 0.52 g of bromidd in 2 ml of benzene, a
ny 1.5122,R; 0.81 (A), 0.67 (B), 0.86 (C).H NMR : F : I I
spectrum, 5, ppm: 1.25 t (3H, OCHCHa solution of 0.26 g of 1,23-isopropylideneglycero

3 (VIl') and 0.2 g of triethylamine in 1 ml of benzene

gig r|;1|224|—%6l\2|md C(:3I—|HI’3rI;IC4§’15Jm ?28H1 gé)' C?Hg)z was added dropwise with stirring. The reaction mix-
: ’ 2 2 y ) 2 3/ i-
3ip NMR spectrum,, ppm: 6.3 s. Found, %: C ture was kept at room temperature for 24 h. The tri

ethylamine hydrobromide was filtered off, the solvent
19.31; H 3.90; P 9.96. {&i,,Br,NO,P. Calculated, %: : - )
C 1044, H 3.90: P 1003, was removed in a vacuum, and the residue was ap

plied to a silica gel column filled with benzene and

Ethyl [(2-chloroethyl)methylamido]chlorophos-  eluted with 150 ml of a 5: 1 benzergioxane mixture.
phate (lll). Through a solution of 0.3 g of oxaza- The solvents were removed in a vacuum, and the
phospholané in 3 ml of chloroform, dry chlorine was product was kept in a vacuum (1 mm) for 3 h af@0
passed at30°C until a stable green coloration of the Yield 0.6 g (83%),n2’ 1.4676,R. 0.53 (A), 0.36 (B),
solution appeared (ca. 10 min). The solvent an¢ g (C).'H NMR spectrum,s, ppm: 1.33 t (3H,
excess chlorine were removed in a VaCUUm-_Am_idOOCHZCHg, 33,y 6.83 Hz), 1.36 s (3H), 1.42 s [3H,
phoiphatell was isolated pure by vacuum dIStI.”atIOI‘l C(CHy),], 2.73 d (3H, NCH, 3o, 9.81 Hz), 3.41 m
(10 mm) at a bath temperature of B6°C. Yield [2H, N(CH;)CH,], 3.44 m (2H, CHBr), 3.83 m (1H),
0.39 g (88%),n20 1.4670,R, 0.82 (A), 0.36 (B), 0.88 3.96 m (1H) (H,CHCH,0OP), 4.03 m (2H, POB,-
(C). 'H NMR spectrum, 8, ppm: 1.42 t (3H, CHs, 3JPH 7.68 Hz), 4.07 m (2H, CKCHCH,OP),
OCH,CHg, 33y 7.4), 2.80 d (3H, NCH 33, 4.31 m (1H, CHCHCH,OP,3J,, 5.55 Hz).*'P NMR
13.69 Hz), 3.39 m (2H, NC}), 3.64 t (2H, CHCI,  spectrumgp, ppm: 10.06 br.s. Found, %: C 36.53; H
3‘]HH 7.92 HZ), 4.23 m (2H, OBZCHg). 31p NMR 6.40; P 8.56. %H23BI’NO5P. Calculated, %: C 36.68;
spectrumgp, ppm: 16.7 s. Found, %: C 27.35; H 5.52;H 6.44; P 8.60.

P 14.03. GH,,CLNO,P. Calculated, %: C 27.29; H 1 2.0-sopropylideneglycero-3-[ethyl [(2-chloro-
5.50, P 14.08. ethyl)methylamido]phosphate] (I1X). To a solution
[(2-Bromoethyl)methylamido](diethylamido)-  of 0.44 g of chloridelll in 2 ml of benzene, a solu-
phosphoric bromide (V) was obtained similarly to tion of 0.26 g of 1,20-isopropylideneglycerol\(ll )
amidophosphatdl from 0.35 g of phospholané/  and 0.2 g of triethylamine in 1 ml of benzene was
and 0.32 g of bromine. Diamidophosphate was added dropwise. The reaction mixture was kept for
isolated pure by vacuum distillation (fOmm) at a 12 h at 80C. The triethylamine hydrochloride was
bath temperature of Z80°C. Yield 0.56 g 84%)nZD0 filtered off, the solvent was removed in a vacuum, and
1.5203,R 0.77 (A), 0.63 (B), 0.81 (C):H NMR the residue was applied to a silica gel column (10 g)
spectrum,d, ppm: 1.09 t [6H, N(CHCHy),, 3JHH filled with benzene and eluted with 250 ml of a 7:1
7.09 Hz], 2.65 d (3H, NCH 3J5,, 13.56 Hz), 3.12 q benzenedioxane mixture. The solvents were removed
[4H, N(CH,CH,), 3J,, 7.09 Hz], 3.28 m [2H, in a vacuum, and the product was kept in a vacuum
N(CH,)CH,], 3.43 m (2H, CHBr). *P NMR spec- (1 mm) for 3 h at 46C. Yield 0.11 g (18%);n2°
trum, 85, ppm: 20.4 s. Found, %: C 24.86; H 5.12; P1.4530 (2’ 1.4529 [6]); R, 0.45 (A), 0.18 (B), 0.84
9.07. GH;,Br,N,OP. Calculated, %: C 25.02; H 5.10; (C). H NMR spectrum,s, ppm: 1.12 t (3H, OCH:
P 9.22. CH3), 1.39 s (3H), 1.50 s (3H) [C(C}}], 2.58 d (3H,
[(2-Chloroethyl)methylamido](diethylamido)- ~ NCHs), 3.22 m [2H, N(CH)CH,], 3.42 t (2H, CHCI),
phosphoric chloride (VI) was obtained analogously 3.80 m (1H), 3.92 m (1H) (8,CHCH,0OP), 4.06
to amidophosphatéll from 0.35 g of phospholane 4.12 m (4H, CHCHCH,OPOGH,CHs), 4.20 m (1H,
IV. DiamidophosphateVl was isolated pure by CH;CHCH,OP). “°P NMR spectrum, dp, ppm:
vacuum distillation (1" mm) at a bath temperature 10.08 br.s. Found, %: C 41.77; H 7.26; P 9.75.
of 73-75°C. Yield 0.45 g (91%)nZ’ 1.4812,R. 0.76  C11H»3CINOsP. Calculated, %: C 41.84; H 7.34;

(A), 0.47 (B), 0.91 (C)*H NMR spectrum3, ppm: © 981

1.07 t [6H, N(CHCH,),, 34 711 Hz], 2.66 d (3H,  1,2.0-Isopropylideneglycero-3-[(2-bromoethyl)-
NCHs, “Jpy 12.6 Hz), 3.04 m [4H, N(B,CHz),l,  methylamido](diethylamido)phosphate] (X) was
3.34 m [2H, N(CH)CH,], 3.56 t (2H, CHCI, 3JHH prepared analogously to glyceroamidophosphdté
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from 0.67 g of bromide/, 0.26 g of 1,20-isopropyl-
ideneglycerol YII) and 0.2 g of triethylamine for
72 h. GlycerophosphateX was isolated pure by
vacuum distillation (16 mm) at a bath temperature
of 120°C. Yield 0.59 g (76%)n3’ 1.4674,R, 0.37 (A),
0.25 (B), 0.90 (C)H NMR spectrum3, ppm: 1.02 t
[6H, N(CH,CHj),], 1.27 s (3H), 1.33 s (3H)
[C(CH,),], 2.60 d (3H, NCH, 335, 9.61 Hz), 2.95 m
[4H, N(CH,CH,),, 33, 6.96 Hz], 3.30 m [2H,
N(CH3)CH,], 3.34 m (2H, CHBr), 3.74 m (1H),
3.85 m (1H) (G4,CHCH,OP), 3.98 m (2H, CH-
CHCH,OP), 4.22 m (1H, CHCHCH,0P, 33,
5.6 Hz). P NMR spectrum,5,, ppm: 17.5 br.s.
Found, %: C 40.13; H 7.20; P 7.82,,,BrN,O,P.
Calculated, %: C 40.32; H 7.29; P 7.99.

1,2-O-Isopropylideneglycero-3-[(2-chloroethyl)-
methylamido](diethylamido)phosphate] (XI) was
prepared analogously to glyceroamidophosphiate
from 0.49 g of chloridevl, 0.26 g of 1,20-isopropyl-
ideneglycerol Y11 ), and 0.2 g of triethylamine for 24
h. Yield 0.02 g (3%),R 0.40 (A), 0.34 (B), 0.81 (C).
3P NMR spectrum,s,, ppm: 17.6 br.s.

1,2-O-Isopropylideneglycero-3-[ethyl [2-(di-
methylammonio)ethylamido]phosphate]  bromide
(XI) A sealed ampule with a solution of 0.47 g of
amidophosphate/Ill and 0.77 g of trimethylamine
in 2 ml of anhydrous benzene was kept at@dor

PREDVODITILEV et al.

8.44; P 6.88. G:H4,BrN,O,P. Calculated, %: C 43.05;
H 8.36; P 6.94.

(2-Bromoethyl) ethyl bromophosphate (XV)was
prepared analogously to amidophosphdte from
0.27 g of phospholan¥lV and 0.32 g of bromineR

0.83 (A), 0.63 (B), 0.86 (C)!H NMR spectrum,g,
ppm: 1.39 t (3H, POCKCH,), 3.54 t (2H, CHBr),
4.15-4.50 m (4H, G,OPOMH.). 3P NMR spectrum,
dp, ppm: —7.67 s.

1,2-O-Isopropylideneglycero-3-[(2-bromoethyl)
ethyl phosphate] (XVI) was obtained analogously to
glyceroamidophosphat€lll from bromide XV (pre-
pared from 0.27 g of phospholai@V and 0.32 g of
bromine), 0.26 g of 1,B-isopropylideneglycerol
(VIl'), and 0.2 g of triethylamine in 10 h. Yield 0.57 g
(82%), n¥’ 1.4490,R: 0.63(A), 0.43(B), 0.91(C)H
NMR spectrum3, ppm: 1.31 t (3H, OCHCHa, 33,
7.04 Hz), 1.32 s (3H), 1.39 s (3H) [C(GH], 3.51 t
(2H, CHBr, 33, 6.24 Hz), 3.79 m (1H), 4.04 m
(1H) (CH,CHCH,0OP), 4.09 m (2H, CHCHCH,OP),
4.31 m (3H, CHCHCH,OPO@,). 3P NMR spec-
trum, 6p, ppm:-1.43 br.s. Found, %: C 34.42; H 5.76;
P 8.88. GyH,,BrOgP. Calculated, %: C 34.59; H 5.81,
P 8.92.

1,2-O-Isopropylideneglycero-3-[ethyltrimethyl-
ammonium [2-(dimethylammonio)ethyl]lamido-

6 h. The solvent was removed in a vacuum, and thphosphate] bromide (XVII) was prepared analogous-
residue was dissolved in chloroform and precipitatedy to bromomethylatexIil from 0.45 g of amidophos-
with diethyl ether. The resulting viscous oil wasphateXVI and 0.77 g of trimethylamine. Yield 0.44 g
washed with diethyl ether (22 ml) and kept for 3 h (73%). R, 0.27 (C), 0.60 (D).XH NMR spectrum g,

in a vacuum (10' mm) over BO; for 40°C. Yield ~PpPm: 1.29's (3H), 1.36 s (3H) [C(CH}], 1.36 t (3H,
0.39 g (71%),R; 0.23 (C), 0.52 (D)."H NMR spec- N CHCHg, “Jy 7.5 Hz), 2.98 s [9H, CHCH,N"-
trum, 5, ppm: 1.21 t (3H, OCKCH,, 33, 6.83 Hz), (CHa)sl, 3.44 s [9H, OCHCH,N'(CHZ)l, 3.51 m
PNCH, 33, 0.82 Hz), 3.42 s [OH. KCH.)., 3.52 (1H), 3.90 m (1H) (G,CHCH,OP), 4.03 m (2H,

Hy, “Jpyy 9.82 Hz), 3.42's [9H, NCHy)ol, 3.52m ¢y cicH,0p), 4.26 (2H, POB,CH,, %Jpy, 6.4 H2),
[2H, CHyN"(CHy)s], 3.68 m [2H, PN(CH)CH,l, 449 m (1H, CHCHCH,OP), 4.26 m (2H, PO&,-
392 m (6H, G,CHCH,OPOCH), 4.19 m (1H, CH,, 3J,, 6.4 Hz), 4.49 m (1H, CKHCHCH,OP). 3P
CH,CHCH,OP). 3P NMR spectrum, 8, ppm:

NMR spectrum,dp, ppm: -0.6 br.s. Found, %: C
10.2 br.s. Found, %: C 40.01; H 7.74; P 7.28,,C 41.07; H 8.20; P 6.57. GQH3gBrN,O4P. Calculated,

H3.,BrN,OzP. Calculated, %: C 40.10; H 7.69; P 7.39.%: C 41.29; H 8.23; P 6.66.
1,2-O-Isopropylideneglycero-3-[(diethylamido)- 1,2-O-Isopropylideneglycero-3-phosphocholine
[2-(dimethylammonio)ethylamido]phosphate] (XVIII). Binary saltXVII, 0.3 g, was dissolved in
bromide (XIl) was prepared analogously to bromo-1 ml of a 9:1 methanelater system, and the solu-
methylateXll from 0.5 g of amidophosphat¥ and tion was applied to a silica gel column (10 g) filled
0.77 g of trimethylamine. Yield 0.46 g (809 0.19 with chloroform and eluted with 250 ml of a 5:1
(C), 0.54 (D).*H NMR spectrumsp, ppm: 1.12 t [6H, chloroform-methanol mixture. The solvent was re-
N(CH,CH,),, 3JHH 7.26 Hz], 1.34 s (3H), 1.42 s (3H) moved in a vacuum, and the residue was kept in a
[C(CHy)4l, 2.78 d (3H, PNCH, 3JPH 10.25 Hz), vacuum (10 mm) for 3 h at 96C to give the an-
3.04 m [4H, N(GH,CH;0,], 3.55 s [9H, N(CH,),],  hydrous salt [15]. Yield 0.16 g (83%), mp 17273C
3.80 m [4H, PN(CH)CH,CH,], 4.04 m (4H, G,- (partial melting at 165166°C) {published data [15]:
CHCH,OP), 4.33 m (1H, CHCHCH,OP). 3P NMR  173-175°C (partial melting at 165167 °C) [15]}. R,
spectrum,dp, ppm: 18.3 br.s. Found, %: C 42.93; H0.34 (C), 0.67 (D)H NMR spectrumg, ppm: 1.31 s
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(3H), 1.45 s (3H) {C(CH),], 3.51 s [9H, N(CHy)4],
3.76 m (1H), 3.92 m (1H) (8,CHCH,OP), 3.98 m
(2H, CH,CHCH,OPOGH,), 4.26 m (1H, CHCH-
CH,OP). 3P NMR spectrum,s,, ppm: 0.2 br.s.
Found, %: C 44.27: H 7.99; P 10.32., {l,,NOGP.
Calculated, %: C 44.44; H 8.14; P 10.42.

2-Bromoethyl (diethylamido)bromophosphate

(XXI) was prepared analogously to amidophosphat:

II' from 0.33 g of phospholanXIX and 0.32 g of

bromine and isolated pure by vacuum distillation

(104 mm) at a bath temperature of -S&rC. Yield
0.5 g (77%),n2’ 1.4965.R. 0.79 (A), 0.84 (B), 0.86
(C). 'H NMR spectrump, ppm: 1.15 t [6H, N(CHC-
Hs),, 3JHH 7.12 Hz], 3.13 ppm [4H, N(8,)CH,),],
354 m (2H, CHBr, 3J,, 6.11 Hz), 437 m (2H,
OCH,). 3P NMR spectrump, ppm: 5.1 s. Found,
%: C 22.19; H 4.33; P 9.53. &#,,Br,NO,P. Cal-
culated, %: C 22.31; H 4.37; P 9.59.

3-Bromoethyl (diethylamido)bromophosphate

879

'H NMR spectrump, ppm: 1.11 t [6H, N(CHCH,),,
3JHH 7.25 Hz], 1.37 s (3H), 1.44 s (3H) [C)GH],
2.20 m (2H, ¢,CH,Br), 3.08 m [4H, N(G1,CH305],
3.50 t (2H, CHBr), 3.59 m (1H), 3.73 m (1H) (8-
CHCH,0OP), 3.77 m (2H, CKHCHCH,OP), 4.04 m
2H, POCH,CH,Br), 4.22 m (1H, CHCHCH,OP).
P NMR spectrumpp, ppm: 10.7 br.s. Found, %: C
0.40; H 6.93; P 7.85. GH,,BrNOgP. Calculated, %:
40.22; H 7.01; P 7.98.

1,2-O-Isopropylideneglycero-3-[[2-(dimethyl-
ammonio)ethyl] (diethylmido)phosphate] bromide
(XXV) was prepared analogously to bromomethylate
XII' from 0.49 g of amidophospha¥Xlll and 0.77 g
of trimethylamine. Yield 0.47 g (83%)R 0.23 (C),
0.63 (D). *H NMR spectrum,s, ppm: 1.09 t [6H,
N(CH,CHa),, 33, 6.92 Hz], 1.33 s (3H), 1.40 s (3H)
[C(CH,),], 3.01 m [4H, N(GH,CH,),], 3.54 s [9H,
N*(CH,),], 3.74 m [2H, GH,N*(CH,),], 3.80-4.30 m
(6H, CH,CHCH,OPO,), 4.41 m (1H, CHCH-
CH,OP). 3P NMR spectrum,s,, ppm: 10.8 br.s.

(XXI) was prepared analogously to amidophosphatBound, %: C 41.42; H 7.89; P 7.12,4l,,BrN,OcP.

II' from 0.35 g of phosphorinan¥X and 0.32 g of

bromine and isolated pure by vacuum distillation

(10% mm) at a bath temperature of -688°C. Yield

0.47 g (70%),n3’ 1.4992,R, 0.57 (A), 0.55 (B), 0.93
©. 1H NMR spectrumg, ppm: 1.20 t (6H, N(CH-

CH,),), %)y 7.26 Hz], 2.29 m (2H, €,CH,Br),

3.17 m [4H, N(GH,CH,),, 3Jp; 13.23 Hz], 3.50 t (2H,
CH,Br, %J,, 6.4 Hz), 430 m (2H, OCH 33,

5.12 Hz).3'P NMR spectrum$p, ppm: 5.6 s. Found,
%: C 24.81; H 4.70; P 9.22. £,4Br,NO,P. Cal-

culated, %: C 24.95; H 4.79; P 9.19.

1,2-O-Isopropylideneglycero-3-[(2-bromoethyl)
(diethylamido)phosphate] (XXIII) was prepared
analogously to glyceroamidophosphakdil from
0.65 g of bromideV, 0.26 g of 1,20-isopropylidene-
glycerol (/II'), and 0.2 g of triethylamine in 24 h.
Yield 0.65 g (87%),n3 1.4584.R; 0.42(A), 0.27(B),
0.76(C). 'H NMR spectrum,d, ppm: 1.09 t [6H,
N(CH,CHa),, 33, 7.09 Hz], 1.32 s (3H), 1.39 s (3H)
[C(CH,),], 3.06 m [4H, N(GH,CHy),], 3.50 t (2H,
CH,Br, 33, 6.20 Hz), 3.79 m (1H), 3.92 m (1H)
(CH,CHCH,0OP), 3.98 m (2H, CHCHCH,OP),
4.18 m (2H, POE,CH,Br), 4.28 m (1H, CHCH-
CH,OP). 3P NMR spectrum,s,, ppm: 10.3 br.s.
Found, %: C 38.44; H 6.70; P 8.15.41,:BrNOP.
Calculated, %: C 38.51; H 6.73; P 8.28.

1,2-O-Isopropylideneglycero-3-[(3-bromopropyl)
(diethylamido)phosphate] (XXIV) was obtained
similarly to glyceroamidophosphatélll from 0.67 g
of bromideV, 0.26 g of 1,20-isopropylideneglycerol
(VIl'), and 0.2 g of triethylamine in 24 h. Yield 0.5 g
(64%), n2’ 1.4660, R 0.45 (A), 0.49 (B), 0.94 (C).

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 71

Calculated, %: C 41.57; H 7.91; P 7.15.
1,2-0O-Isopropylideneglycero-3-[[3-(dimethyl-
ammonio)propyl](diethylmido)phosphate] bromide
(XXVI) was prepared similarly to bromomethylate
XII' from 0.5 g of amidophosphatéXIV and 0.77 g
of trimethylamine. Yield 0.5 g (86%)R; 0.28 (C),

0.60 (D). *H NMR spectrum,s, ppm: 1.08 t [6H,
N(CH,CHa),, 33, 6.83 Hz], 1.32 s (3H), 1.39 s (3H)
[C(CH;0,], 2.25 m (2H, POCHCH,), 3.04 m [4H,
N(CH%CH3)3], 3.47 s [9H, N(CHg),], 3.68 m [2H,
CH,N"(CHg)4l, 3.74 m (1H), 3.87 m (1H) (8,-
CHCH,0OP), 3.87 m (2H, CHCHCH,OP), 4.06 m
(2H, POH,CH,), 4.30 m (1H, CHCHCH,OP). 3P
NMR spectrum,dp, ppm: 11.0 br.s. Found, %: C
42.82; H 8.07; P 6.85. GH3sBrN,OsP. Calculated,
%: C 42.96; H 8.11; P 6.92.
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