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Strong Binding of Alkylguanidinium Ions by Molecular ’Itveezers: 
An Artificial Selective Arginine Receptor Molecule with a 
Biomimetic Recognition Pattern 

Thomas Schrader* 

Abstract: Bisphosphonates 2 and 3 repre- 
sent the first artificial receptor molecules 
for alkylguanidinium ions. They bind to 
the guanidinium moiety by forming a 1 : 1 
chelate complex, stabilized by a planar 
network of electrostatic interactions and 
hydrogen bonds. This hydrogen bonding 
configuration is identical to thc “arginine 
fork” postulated by Frankel as a key ele- 
ment in RNA-protein recognition of the 
AIDS virus. Our guanidinium- bisphos- 
phonate complexes thus constitute the 
first synthetic model for this important bi- 

Introduction 

ological interaction and demonstrate that 
the high binding energy can be a driving 
force for a conformational change in the 
receptor (induced fit, e.g., in the RNA). 
Although binding of monosubstituted 
alkylguanidines is gencrally strong 
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(Ka% 10000 in DMSO), molcciilar twccz- 
er 3 recognizes N- and C-amidc-protected 
arginine derivatives especially well 
(K,~3OOOOO in DMSO), becauscan addi- 
tional hydrogen bond is formed betwecn 
the amide and the phosphonatc. Since 3 
does not bind amines effectively, it is high- 
ly selective for arginine, evcn in the pres- 
cnce of lysine or other amino acids. For 
di-, tri-, and tetrasubstituted guanidines 
the association constant remains low 
( K , < l O O O  in DMSO) reflecting the in- 
crease in the steric bulk of the guest. 

Alkylguanidinium ions play a dominant role in biological sys- 
tems, especially in form of the amino acid arginine, becausc they 
act as binding sites for anionic biomolecules in enzymes and 
antibodies.[’] Arginine residues are also involved in the interac- 
tions of the nucleic acid phosphodiesters with thehighly charged 
protamines and histones.rZ1 Many antiviral natural compounds 
presently being tested against HIV infection are g~anidines.~~] In 
recent years several artificial receptors based on bisguanidines 
have been developed for phosphodiester binding.r41 However, to 
the best of our knowledge no synthetic receptor is known that 
binds to alkylguanidines themselves. All systems that have been 
devcloped for guanidine recognition are macrocycles. For steric 
reasons these can only bind the unsubstituted guanidinium 
cation well. Hence, with only a single exception,[5a1 investiga- 
tions have been confincd to simple guanidinium complcxes.’51 
k h n  demonstrated convincingly that even the exchange of 
guanidine for methylguanidine causes a twentyfold drop in the 
association constant for his “tartrato c r o ~ n ’ ’ . ~ ~ ~ ~  To solve this 
problem we have developed molecular tweezers 2 and 3 
(Scheme I), which strongly and selectively bind to monoalkyl- 

[*] Dr. T. Schrader 
Institut fiir Organische Chemie und Makromolekuliire Chemie 
Universit&tstr. 1,40225 Diisseldorf (Germany) 
Fax: Int. code +(211)811-4788 
e-mail: schrat~iris-oc2.oc2.uni-duessckdorf.de 
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Scheme 1 .  Synthetic phosphonrle receptor molecules. 

guanidines. The binding scheme may be called biomimetic inas- 
much as it relies mainly on electrostatic interactions and hydro- 
gen 

Results and Discussion 

According to force-field calculations for the synthetic receptors 
2 and 3 the bisphosphonates can be arranged to form an almost 
completely planar network of hydrogen bonds with guanidini- 
um cations (Scheme2, left).[61 This array shows a striking 
similarity to a key structural element in RNA-protein rccogni- 
tion of the AIDS virus. Its replication depends critically on 
complex formation betwcen the TAR (= trans-acting respon- 
sive element) region of the mRNA and a regulatory protein 
called Tat (= transcriptional a~tivator).~’] Frankel and co- 
workers have presented ample evidence for a simple scquencc- 
selective binding mode.[*] They show that the protein recognizes 
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Sclieine 2 Left. Complexeb of the molecular tweezers 2 or 3 (X = 0 or SO,) with 
irrrthy1gu;inidine (4) according to force-field calculations [6]. Right: the “argininc 
l1,rk” 1x1. 

a n  RNA conformation that allows a single arginine residue to 
bind simultaneously to two phosphates. Thus a structure is 
formed that they call the “arginine fork” (Scheme 2, right). Its 
hydrogen-bonding configuration is identical to that of our 
molecular model. Binding studies with receptor molecules 2 and 
3 should therefore provide valuable information about the sta- 
bility of such complexes. The hinge groups 0 and SO, provide 
ii wide and a narrow tweezer opening according to  their differ- 
ent bond angles. In this way we hoped to create selective hosts 
that do not bind cations similar to  guanidinium, such as alky- 
lammonium ions. 

Addition of one equivalent of phosphonates 2 or 3 to methyl- 
guanidinium chloride (4) in [DJDMSO resulted in large shifts 
of host and guest signals in both the ‘H and the 31P N M R  
spectra. We performed N M R  titrations with receptors 1-3 ( I  
serves as a reference) of various guanidincs (4-6) in [DJDMSO 
and calculated the association constants from the binding 
curves (e.g,, Figure 1) by nonlinear regression The 
results are summarized in Table 1 .  
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Figure 1 .  Dependence of thc change in chemical shift A6 of c11;iracteristic N M R  
signals 01‘ r-N-losylai~giiiine methyl estcr 5 ( c  = 0 . 7 m ~ )  on tiic concentration of 
hisphosphonate 3 in [DJDMSO at  20 C. 

‘Talk! 1 Association constant\ (k‘,.!) from N M R  titrations iii OMSO at 20 C [a] 

Direct comparison of mono- and bisphosphonate (1 vs. 2 and 
3)  proves that both phosphonate anions in 2 and 3 are indeed 
involved in a chelate-type interaction with the guanidinium 
cation, because the binding constants for methylguanidine in- 
crease by a factor of 56 and 93, respectively, with respect to that 
for I (Table 1) .  Job’s method of continuous variations[’’] 
confirms the postulated 1 : 1 stoichiometry of all complexes. 
These results constitute strong experimental support for the 
high thermodynamic stability of the arginine fork postulated by 
Frankel for RNA-protein recognition. In the unbound phos- 
phonates six single bonds can rotate freely, so that their confor- 
mation will be completely different from that of the complex, in 
order to avoid electrostatic repulsion between the phosphonate 
groups. This is also the case in the unbound RNA molecule; 
only the approach of a specific arginine moiety in the Tat protein 
induces a distinct conformational change that brings the phos- 
phates close to each other (induced fit). Our model confirms 
that the double electrostatic attraction in the arginine fork can 
more than compensate for the destabilization energy necessary 
for reorientation of the phosphates. 

With x-N-tosylarginine methyl ester (5) instead of methyl- 
guanidine a significantly higher binding constant is produced 
(Table 1).  Force-field calculations for x-N-tosyl- and for x-N- 
acylarginine esters demonstrate that after guanidine “docking” 
the amino acid side chain can be reoriented so that the amide 
function is brought close t o  the phosphonate (Scheme 3).[‘’ The 
large downfield shift of the amide protons of 5 (Figure 1) indi- 
cates formation of an additional intermolecular hydrogen bond 
to the phosphonate. The binding constant with 3 reaches 
62800 M - ’  as a result of this cooperative effect. Titrations with 
3 in pure methanol produce an association constant K, of 
490M-’ for 4 and 5 7 0 ~ - ’  for 5. These values for alkylguani- 
dines exceed those for all neutral crown ethers by at least one 
order of magnitude (Kacmax, = 68 for the unsubstituted guani- 
dinium cation) .[I ‘ I  Finally, the narrow diphenyl sulfone 3 binds 
to all monoalkylguanidines more strongly than the wider 
diphenyl ether 2 (Table 1). In contrast, benzylamine and 1,l- 
dimethylguanidine (6) are bound much more weakly. Encour- 
aged by these results we examined 3 closer for its potential to act 
as a guanidine or even arginine selector. 

How much better does 3 recognize arginine derivatives over 
other amino acids? In Table 2 a  the binding constants for x - N -  
acyl-protected alanine, lysine, and arginine esters. which were 
produced under identical conditions, are compared: alanine is 
not complexed at  all; lysine is bound 14 times more weakly than 
arginine derivative 7 .  The conformational lock of the arginine 
molecule due to the additional amide binding site is so strong 
that on complexation of the N-benzoyl derivative 7 the 
mcthylene protons of the highly symmetrical artificial receptor 
become diastereotopic (Scheme 3) .I’ 

Guect k‘, 1 ( 1 )  ~ ~ 3 ( 1 )  K ,  , (2) A(;LVJ (2) K ,  “ 3 )  AG””(3) 
x 10- [nl-’] [kc:ilmol ‘1 x i n -  .$ [ M - ’ ]  [kcnl mol- ‘1 X I 0  ~d [M ‘1 [kcal mol ~ ‘1 

mei1iylgu;inidinc (4) 0.1 2.1 5.6 5.0 9.1 5 3  

b c n q  I a mi nc 0.2 3.1 3.1 4.8 1.9 4.4 
I .l-dimetIiylguanidine ( 6 )  6.6 5.1 2.9 4.1 

~ z-A’-tosylarginine methyl c$ter ( 5 )  21.8 5.8 62.8 6.5 

[‘I] Bec.iusc ofthc srrongly hygroscopic charactcr of both titration partncrs the [D,,]DMSO soiucion containcd ahout  0.1 Yo ofwater. Errors i n  K,< are estimated a t  k 6 -  40% 
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Scheme 3. Conformational lock of a-N-benzoylarginine ethyl ester (7) in its com- 
plex with 3 according to force-field calculations [6]. 

In order to  simulate the electronic environment in a peptide 
we examined the N -  and C-amide-protected arginine derivatives 
8 and 9 (Scheme 4a). The additional hydrogen bond switches 
completely to  the carboxamide side of the arginine[13] and the 
association constant increases markedly again to a value around 
~OOOOOM-'. Table 2 a  documents the sensitivity with which 3 
recognizes the different side chains of even similar proteinogenic 
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Scheme 4. a) Amino acids, b) amines, and c) guanidines for the NMR titratlons 

amino acids. Especially in an amidic environmcnt. as  in a 
protein, the bisphosphonate is highly selective for arginine. 

To further characterize the recognition profile of 3 we investi- 
gated its affinity towards several amines and guanidines with a 
different degree of substitution (Table 2 b,c; Scheme 4 b,c). 
Generally, amines are complexed weakly (Table 2 b); even the 
amino alcohol 10 (a model compound for adrenaline) gives only 

Table 2.  Association constants ( K ,  ,) from NMR titration\ with 3 in DMSO a t  
20 C. For formulas see Scheme 4 [a]. 

a) Amino acids. 

K ,  , x 10 ' [H '1 AGL<l3 [kcnlinol ' 1  

BOC-Ala-Ohle 
x- Ac-Lys-OMe 
x-Bz-Arg-OEt (7) 
z-Ts-Arg-OMe ( 5 )  
8 
9 

< n  01 <1.3 
4 4.8 

58 6.4 
63 6.5 

280 7.1 
310 7.4 

b) Amines. 

K ,  , x lo-' [M '1 AG'"z[kc;ilniol '1 

hex ylaniiiie 
hcniylaminc 
10 

1 
2 
4 

4.0 
4 4  
4 x  

c )  Guanidines 

Molecular Tweezers 1 537 - 1 541 

Chmz kur J 1997, 7, N o  9 J' WILFY-VCH Verlag GmbH. D-69451 Weinhelm, 1997 0947-6539/9710309-1539 $ 1 7  50+ 50 0 1539 

K ,  , x l o - "  [M-'1 AG'y'[kcalmol~']  

methylguanidine (4) 9 5.3 
giianethidine (11) 9 5.3 
1.1 -dimethylguanidine (6) 3 4.7 
creatine (12) 0.1 2.7 
creatinine (13) 1 4 0  
14 I 4 0 

[a] The [DJDMSO solution contained about 0.1 % of water bccsuse ofthe strongly 
hygroscopic character of both titration partners. Errors in Kd are estiinatcd at 

- 

3 - 50 "A,. 

a moderate association constant of ~ O O O M - ' .  This is in sharp 
contrast to the effective binding by a m-xylylene bisphosphonate 
( K ,  = 5 5 0 0 0 ~ - ' ) ,  which we introduced recently as a highly 
efficient synthetic receptor molecule for amino alcohols.['4] 

Among guanidinium ions the artificial receptor 3 is equally 
selective: while binding monoalkylguanidines (4, 11) very well, 
its affinity towards 1 ,I-dialkylguanidines (6, 12) already de- 
creases markedly; the binding constant for creatine (12) is ex- 
tremely low ( K ,  = I ~ O M - ' ) ,  probably because of the strong 
phosphonate-carboxylate repulsion between host and guest. 
Similarly, the tri- and tetrasubstituted guanidines 13 and 14 are 
only weakly bound, although creatinine (13) is an acylguanidine 
and hence much more NH-acidic than simple trialkylguani- 
dines. 

Perspectives 

We intend to use the high selectivity of the artificial arginine 
receptor molecule 3 to design enzyme mimics that are able, like 
thrombin and trypsin, to cleave proteins after arginine. To this 
end the phosphonic acid may be linked with an appropriate 
nucleophile. 



Experimental procedure 

(kncral: ' H N M R  spectra were recorded a t  20 C on a Varian EM390 
(90 MT-17) or ;I Val-ian VXR300 spectrometer (300 MHzj. '.'C NMK spectra 
were recorded on thc saine instruments at 75 MHz. For high binding con- 
\tatits NMR titrations wei-e carried out on a h i k e r  500 MHz spectrometer. 
(,'hcniical shifts IS w e  given relative to an intet-nal tetiamethylsilane standard 
(TMS). 31P NMR spectra were recorded on a Brukcr AM 200 SY spectron- 
etcr with H,PO, as external standard. CDCI, and [DJDMSO were pur- 
chased fi-om Aldrich in 99.8% purity (water content of DMSO%0.03'%,). 
TLC analysis was carried out on silica gel 60 F-254 ( layer thickncss 0.2 mm). 
I'reparative chromatography columns were packed with silica gel 60 (70 
330 incsh) from Macherey 6r Nagel. All solvents were dried and freshly 
distilled before use. 

N M R  Titrutions: A solution of the phosphonate (10 equiv in 0.4 inL 
[D,]DMSO) was addcd with a S O  pL microsyringe i n  aliquots to a solution 
i s f  the alkylgunnidiniuin chloride (I equiv iii 0.7 mL [I>,]L)MSO; 0.5 2inM) 
i i i  I sealed NMR tube. The guanidine and tetrabutylainmo~iium phosphonate 
wlutioiis containcd -0.05-0.2 %, and %0.3-0.6'% watcr. rcspcctivcly, bc- 
c a u ~ c  of their highly hygroscopic character. Volume and concentration 
changes were taken into account during analysis."' NMR titrations on the 
500 MH7 spectrometer were carried out autoniatically by a robot. To this end 
nine NMR tubes were each filled with the sainc m o u n t  and conccntration of 
euesl du t io i i .  and incrcasing amounts of host solutions of uniform conccn- 
tratioii wcrc addcd successively. Errors in K ,  were markedly smaller coni- 
pared uith the 300 MHL niea~iireinenls owing to the preparation of stock 
~ ~ I i i t i o n s  and rheir tenfold lower concentrations. 

Job Plots: Equiinolar solutions (0.03 vj of phocphonale 1 u id  inethylgiiani- 
diniuni chlot-ide were inixed in various ratios ' H  NMR spcctra of the ni ix-  
ttircs wcrc rccordcd, and the change in chemical shift of host and guest signals 
\+'as analyzed with Job's method modified for NMR 

l.lonnethyl Bcn7ylphosphonate (stnrting matcrial for I J wds prcparcd by d k a -  
1:nr 1i)drolysis of the corresponding dicster with aqueous sodium hydroxide 
( 5 ~ ) ,  followed by acidification with HCI ( I N ) .  Yield: 98%;  M.p. 66 C :  
' I INMR (9OMH7. [I>,]IlMSO): b =1.25 (t. 3H.  J = 7 H z ,  CH,), 3.0 (d, 
~11. . I=?2Hr,CH,f ' j .3 .85(dq,2H. . I -7Hz.CH,O).7.25(in.5ArH),9.X 
(h rs .  1 H. P-OH). "P NMR ([DJDMSO): (5  = 24.74 (s).  Elemental analysis: 
calcd. ror C,H,,O,P: C 53.98. H 6.55, found C 53.82. H 6.55. 

li.trahut$unmoniuin benzylphosphonic acid monoethyl ester (1 j :  A typical 
pl4-titration cxperinicnt was carried otit with tnonocthyl bcn7ylphosphotiatc 
and tetrahutylaininoniuin hydroxide ( 1 . 5 0 ~ )  in water. When the equivalence 
point u.a\ reached (after the addition ofexactly 1 eqtiiv of aqueous tetrabutyl- 
ammonium hydroxide) the reaction mixture was evaporated to  dryness and 
cxtractcd with dry chloroform. After drying over magnesium sulfate and 
filrration the solvent wa5 remowd in vacuo and the solid \vas furthcr dricd 
o\erpliospl~orus pentoxide at nibar. Yicld: 95%;  M.p. 48 C ;  ' H  NMR 
(iOOMHz,[D,]DMSO):ii =0.92(t ,12H, J = 7 . 3  Hz.CH,(Buj).I.Ol ( t , 3 H ,  
J =7.0 Hj.. CH,(Et)). 1.29 (tq. XH, J =7.3 Hz, 8CH,(Buj), 1.55 (111, 8M. 
8CH2(Bu)),  2.65 (d. 2H,  .I = 22 Hz,  CH,P), 3.20 (in. XH, CH,N), 3.60 (dq. 
? H .  J=7.0.7.3Hz.  CH,O). 7.03 (t, IArH,  J = 7 . 4 H z j .  7.14 ( t ,  2ArH, 
.J =7.4 H;.). 7 21 (d. 2ArH. /=7 .4  Hz). I3C NMK (75 MlIz,  [U,]L)MSO): 
6, = 13 50 (c. 4CH,(Bu)), 16.99 (d. CH,(Et)), 19.22 (s, 4Ctl,(Bu)), 23.14 (s: 
dCH2(Bi i ) ) .  36.37 id. I =  122.4' H L .  CH,P). 57.48 (in. 4CH,N). 58.43 (d. 
J = 6.2 H7. C H 2 0 ) .  124.20 (d, J = 2.3 Hz, CF14co,nj, 127.19 (d. .I = 2.2 Ilz,  
2 C H ,  rO,n ). 129.47 (d. J = 5.6Hz, 2CH,,,,), 138.89 (m, 1 C,,,,). "I' NMR 
(JDJDMSO): 0 =14.89 (s).  Elemental analysis: calcd. for C2,H,,<),P: C 
67.98. H 10.96. N 3.17. found C 67.93, FI 11.19. N 3.40. 

His(dimethy1 phosphonates) (starting inaterials for the molecular tweezrs):  
I)i-/i-tolyl ether a n d  d i -p~o ly l  sulfone were converted to tlic corresponding 
aibroniides with 2 molequiv of NBS and a catalytic amount of  A l H N  i n  dry 
t-trachloroinethane by heating the rcaction mixtures t o  80 ('. After recr)sktl- 
Imtion the dibroniides were heated for 3 11 to 140 C with 2 inolequiv of 
trimcthyl phosphitc. Residual trinietliyl phosphite and diinethyl methylphos- 
phonatc wcrc cvapofiitcd in vacuo. Chromatographic purifictttion over silica 
f c l  (ethyl xe tn tc  methanol = 10: 1 )  afforded analytically pure colorless oils. 
uliich c r y s ~ a l l i ~ e c l  dui-ing one d a y  
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B ~ ~ ~ / ~ ~ - ~ c ~ i r i i i ? t l i , o . v ~ ~ i h o . \ p h o r ~ ~ l i n e , l n ~ / ~ ~ ~ ~ ~ ) ~ ~ ~ i ~ ~ i ~ ~ ~ l ]  ether:  Yield: 26 "/o overall: M . p .  
86 87 C; ' H N M R  (300 MHz, CDCI,): 6 = 3.12 (d. 4H. J = 21 HL. 
CH,Pj. 3.63 (d, 6H,  J =10.5 112, CH30).6.73(d.4ArH.J  = 8 Hz). 7.18 (dd, 
4ArH, .I = 8!2 H7) (AA'BB' system). ,'P NMR (CDCI,): J = 29.48 (s ) .  
Elemenral malysis: calcd. for C1RH2407PI: C 52-18, H 5.84, found C 52.20. 
H 5.75. 

~ f . S [ ~ J - ( ~ ~ ~ ~ ~ ~ t h ~ ~ . ~ ~ ~ h ~ S ~ k O ~ ) ~ h i l f ~ t ~ l ) ~ / j ( ~ h ~ ~ J ' / ]  Jll/f(l)2e: Yield: 26% overall: 
M.P. 8 8 - C ;  ' H N M R  (300MHz, CDCI,): IS = 3.21 (d. 4H.  . J= 22.3 H7. 
CH2P),  3.69 (d, 6H.  J =11.0 HL. CH,O), 7.45 (dd. 4ArH. J = 8.5 2.5 Hz). 
7.89 (d, 4ArH, J = X.5 H7j (AABB' system). , 'P NMR (CDCI,): ri = 2 . 2 9  
( 5 ) .  Elemental analysis: calcd. for C,,H,,O,P,S: C 46.76, H 5.23. found C 
46.69, H 5.27. 

Synthesis of 2 and 3: The tetramethyl phosphonates were heated at 120 C for 
cii. onc wcck with exactly 2 molequiv of aqueous tetrabutylammoniuin hy- 
droxidc solution (1.5 M) .  After evaporation to dryness and extraction with dry 
chlordorin the solution was dried over magnesium sulfate. filtered. and again 
wiporated to dryness. The oily product was purified from residual solvent 
and traces of watcr by stirring at 60°C in vacuo. After ca. oneheek the 
product crystalli7ed slowly. Even after this drying procedure the receptor 
containcd cxactly one molecule of water per phosphonate group: obviously 
water is bound vcry tightly to this host (cf. eletnental analysis). 

BiS[ ~ / ~ ~ ~ ~ ~ i h l / ~ ~ ~ ~ ~ ~ ? i i T l ~ i l ~ U i l Z )  - / I -  ( I l l l ? ~ h ( J . X  l ~ ~ l . X ) ' / ~ ~ i ~ ~ ~ ~ h O ~ ) ' / ~ l l ~ ' f / l ~ ~ / )  jlh<'tl)'/] <,f/ier 
( 2 ) :  Yield: 95%; M.p. 50-51 'C: ' H  NMR (300 MHz, CDCI,): 6 = 0.99 (1, 
24H. J = ~ . ~ H L .  CH,). 1.40 (tq. 16H. J -7 .2Hz .  XCH,). 1.60 (m, 16H. 
XCH,),2.97(d.4H..I=19.XH/,CH,P),3.26(m,16H,CH,N),3.49(d,6H. 
J-10.1 Iiz.CI1,0),6.83 (d ,4ArH.  J = X . ~ H L ) .  7.33(dd.4ArH. J = X . 5  
2.1 Hz) (AA'BB' system). I3C NMR (75 MHz, CDCI,): 6 =13.47 (s. 
XCH,(Bu)j, 19.17 (a. XCHJBu)). 23.08 (s. 8CI1,(Uu)). 35.05 (d.  
.I = 123.7 Hz, 2CH,P), 50.47 (in. 2CH30). 57.42 (ni. 8CHzi%j. 128.39 (m. 
4CH,\r,),,,), 134.50 (rn, 2C,,,,,,). "'PNMR (CDCI,): 6 =19.34 ( 5 ) .  Elemental 
analysis: calcd. for C,,H,,,,N,0,P;2H20: C 63 69. H 10.47. N 3.09. found 
C 63.53, H 10.43, N 3.08. 

Bi.s( i ref vtrhiif~lui?tnioniuiii J -1)- ( i i z e t h (  o.X~~lhosp/io, .1~/rrl l~/~ll~/)~l~l '~ll~~/] .\Ill- 

fonr 13 ) :  Yield: 95%; M.p. 67 68 C ;  'HNMII  (300MHz. CDCI,): 
6 = 0.96 (1. 24H, J = 7 . 1  Hz. CH,), 1.36 (tq, 16H, J -7 .1  112. XCM,), 1.53 
(in.16H.8CH,j,3.02(d,4H,J=20.lHz.CH,P),3.18(n~,16H.CH,Nj. 
3.49 (d. OH. J=10.1 H7, CH,O), 7.51 (dd, 4ArH. J =  8.3 1.7 H L ) .  7.73 (d. 
4Ai-H, J = 8.3 H/)(AA'HH'system). I3C NMR (75 MHz, CDCI,): 6 = 13.69 
(s, XCfl,(Bu)), 19.72 (s, 8CH,(Bu)). 2.3.97 (s. XCH,(Bu)), 36.31 (d. 
J =  124.0Hz. 2CHzP). 51.64 (11, J = ~ . ~ H L ,  2CH,O). 58.65 (s. XCH,?J). 
126.83 (d, J =  2.4 Hz. 4CH,,,,,), 130.60 (d. .I = 6.1 Hz. 4CHsr ,,,,, ). 138.06 
(d. J = 2.4 Hz. 2C,,,, (ip,so-C)j, 145.14 (d. J =7.3 Hr, ZC,,,,, (ipso-CJ). 
"P NMR (CDCI,): (7 =16.98 (s).  Elemcntal analysis: calcd. for 
C,,H,,,N,0,P,S.2H20: C 60.48, H 9.94~ N 2.94. found C 60.55, H 10.05, N 
3.04. 
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