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AkUaX-  T h e  reaction of dfethyl I-Uthlo-1-chlommethyrphosphonate with 

aromatic mines gave aztridinylphosphonates in good yields and wUh an high 
stereoselectlvity. l k  resulting azMtnes reacted wUh n-BULL and led to the 
2-IUhIated anlons which were trapped wUh carbon tetrachloride to giw 
2-chloroa~lridlnylphosphonates in ereellent yields. 

The chemishy of the small ring heterocycle azirldlne has known an enonnous expansion In the 

past decade because of Its  mechanistic, synthetic and biological app~cations.3 

For the present tlme there Ls a great request for functionally substituted azlrldlnes whlch are 

very lnterestlng Intermediates for a lot of transformations.4 

Previously we described briefly a novel application of the Uthlated akyl dichloroacetate anions ln 

the preparation of the practically unknown alkyl 2-chlor&dInyIcarbo~ylates.~ Now. and as a 

part of an ongolng program an bigbly functionsllzed amdines dlrccted toward the synthesis of 

potentially biologically Important compounds.5 we reported the reacuon between the Uthlated 

dlethyl chloromethylpbospbonate anlon 2 and lmines 3 to prepare the novel 

aaridlnylphosphonate structures 5. 
Whereas 2-substituted ester. amide. nltrile, ketone . aldehyde, sulfone azlrldlnes have been 

described.3.4 only one example of a substituted azil-ldlne with a 2-dlethylphospbono group was 

mentioned. Thls one was obtalned with moderate yleld, after three steps. from 

dlethylvinylphosphonate.6 

Attempts to use the more dlrect Damens methodology to the preparation of functionallzed 

aztridlnes by the action of stabillzed a-halocarbanlons on Lrmnes have been ilmlted.7 The study 

reported here Is also an contlnuation of other works in the laboratory concerned with the 

preparation and the Darzens type reactions ofvarious a-ha1ocarbanions.8 



Diethyl 1-lithlo-I-chloromethylphosphonate 2 was readily formed at  law temperature in 

tetrahydrofuran/hexane from the reactlon of n-butylllthium wlth dlethylchloromethyl- 
phosphonate 1. After additlon of the M n e  5,  the resultant mixture was gradually allowed to 
warm to - 40°C with stirring for 13 h and then to room temperature. The mixture was 
hydrolyzed and the expected aaridlne 5 was isolated wlth dlchloromethane in good yields. 
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The results are summarlzed In Table 1. 

Table 1 - Products 5 synthestzed from the reaction of I-limo-I-chloromethylphosphonate 2 
and m e s  S 

Arl Arz 5 Yield % S Yield % 

Ph p- BrPh 80 0 

We observed that the carbanion 2 slowly reacted with Mnes. even at room temperature. and the 
requlred prolonged reaction time, to complete the reaction. led to competltlve and partlal 
decomposition of 2 ,  at  this temperature. Thus, the better yields were obtained when a net 
excess of 2 was used (2/S = 3). 
The excess of the carbanlon 2 compensated its partial degradation and enhanced the reaction 

rate. 

Obviously the rate detennlning step was the slow attack of 2 on the imine which led to the 

lithlum amide 4. This one, immediately, cycllzed to give the azlridinylphosphonate 5 (Scheme 
2): so that it was not posslhle to reveal the presence of 4 by quenching the reaction by 

hydrolysis, even at  low temperature. 
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Scheme 2 

There was, here, a clear dlfference between the behavlour of the Uthiated anlon 2 with M n e s  
and Its reacuon with carhonyl compounds . Previously we have described the reaction of 2 with 

carbony1 compounds and observed that the addltion of a carbonyl compound to 2 at  -70'C results 
In the almost Lmmedlate formatlon of a phosphonate chlorohydrin 8 [Scheme 3). The 
phosphonate chlorohydrin can be Isolated by hydrolysis at  -70°C or can lead on wanning to 

epoxyalkylphoaphonate 7.9 

In the present case the hlgh rate of the cycllsaUon step prevented the isolation of the 
phosphonate m d e  4. The anionic nltrogen 014 was a more powerful nucleophlllc center than 
the anlolllc q g e n  of the phosphonate chlorohydrin 8. and Involved a more rapld cyclisatlon. 

However the reacuons of 2 wlth lmines and wlth carbonyl compounds presented a certain 
analogy. In the second reactlon step. the attack of the carbon bearing the chlorine atom was 
preferred to the attack a t  phosphorus atom (Wlttlg-Homer reaction). We supposed that the 
compared carbon and phosphorus atom hardness and the reacUonaJ centen proxirmty during 
the cyclisatlon steps [entropy factor) were more favorable to the formatlon of the three 
membered rings. 

Scheme 3 



The reactlon with 2 with lmfnes was highly stereoselectlve and gave the broadly maJor "cis" 
stereolsomer Sa accompanied by a small quantlty of the "transS' stereoisomer Sb. 
Normally thls Danens condensation may lead, a priorl, to four pairs of dlastereolsomers Sa. Sb. 
Sc. and Sd (Scheme 4). 

Scheme 4 

In the all studied cases of the Table 1 the ratio Sa/Sb was always superior to 9545. The 
conflgumtlons of the aziridinylphoaphonates Sa and Sb were tentatively asslgned by analogy with 

results in closely related series. Previous studies with aLkyl azlridlnylsulfonates10 and alhyl 

aziridlnylcarbovlatesll have demonstrated a stable relatlve trans conflguratlon for the aryl 
groups without nitrogen inversion at  room temperature. Nmr spectra of azlridines Sa or Sb  

showed an ABX system whlch was not modified at  high temperature (boiling CCU. 40 hl. 

SLmilarly. we supposed a trans diposltlon for the aryl groups into the aziridlnylphosphonates Sa 
and Sb without nitrogen inversion at  room temperature. Then. the stereochemical relatlonshlp 

of protons Ha and Hb was ascertained by an examinatton of the viclnal coupllng constant JHa-Hb 

which was 7 Hz for a cls coupling (Sal and of 3 Hz for a trans coupllng (Sb].lO 
Furthermore the "cis" conflguratlon for Sa and the "trans" mnflguratlon for Sb were supported by 
the chemical shlfts of the proton Hb. It was known that for a low nltrogen inversion rate, the 

nltrogen electronic pair involved a deshlelding effect on the nelghbourlng cls ring protons.12 
Then. the protons Hb whlch have chemical s h e s  to higher flelds, at  2.4-2.6 ppm, are cls to the 
N-aryl substltuent (Sa). Downfleld shlfts at  2.6-2.8 ppm were observed for the protons Hb trans 
to the N-a~yl substltuent (5b).The reason for the lower chemical shlfts of the protons Hb in Sb 

can be thought to be due also to the deshlelding effect of ~ r ' .  

TNs dlastereoselectlve Danens reactlon in favour of the sole cls and trans Isomers Sa and 5b 
deserved further comments. 

The fallwe of the azlridines Sa and Sb to isomerke under the reaction mnditlons indicated that 
the product ratlos Sa/Sb > 95/5 wen kinetically controlled. 
If we supposed the two step mechanlsm indicated in Scheme 2, the stereochemistry of the 
azlridinylphosphonates Sa and Sb must be determined during the slow and probably reversible 
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Rrst reaction stepl31~cheme 5). To understand the stereochemical control of this Arst reaction 
step It was necessary to consider the four dlfferent transition states apt to lead to the 
&dInylphosphonates Sa. Sb. Sc, and Sd. We suggested that the Uthiated anion 2 approached 
the l d n e  3 so a s  the cation would be more or less symmetrically dlsposed between the 
developing negative charge on nitrogen and the dlethylphosphono group. Two sole possible 
transition state arrangements 8a and 8b resulted whlch had minimal inclplent ecllpslng 
Interactions, especldy between the dlethylphosphono group and the nitrogen phenyl group. 

Scheme 5 

0 e w r n q a i c 1  u + ~ h - C H - N - ~ h  



Bond formation from 8.3 led to 4.9 where the antlperlplanar anangement of the nitrogen and 
chlorine atoms required for the cyclbation step was realized. 
Bond formatlon from 8b produced 80 which did not appear to be the preferred conformer 
leadlng to 5b. In thls case the cyclisation transition state necessited the transfomatlon of the 
conformer 8c  into 4b where the nitrogen phenyl group was in strong interaction wlth 

diethylphosphono group. 

Hence the rate cyclisation step was greater for 4a than for 4b (k2 > k'2) and, consequently, the 

cis isomer 5a was the widely major product. 

In view to complete the understanding of the stereochemical control in the synthesis of 

azlridinylphosphonates we undertook a brlef examination of their thermal stability and sensitivity 
toward bases. 

Azlfldine 5a (Arl = ~ r 2  = Ph] was recovered unchanged after it had been heated in boiling CC14 

under reflux for 40 h. However. after heating in boiling toluene. cis-azhidine Sa underwent 

isomerlzatlon. and after 15 h. equllihrium was established between Sa and Sb (50:50). Slmihly a 

mixture of 5bISa (Arl = & = Ph) 80120 could be equilibrated after 15 h in boiling toluene to a 
50/50 mixture of 5b and 58. 
These t h e m  i s o m e ~ t i o n s  were known for azmdine esters and azh'tdine amides and have 

been explained in terms of intermediate azomethlne ylid.I4 
Aziridinylphosphonates were unaffected by alkoxldes at room temperature or by the anion 2 in 

THF, but stronger bases as butyHthium or LDA underwent isomerlzatlon of 6a into 5b (Arl = A12 

= Phl. (Scheme 6 . and Table 21. 

Scheme 6 

The mechanism which must be considered involved a carbanion Intermediate 9a which would 

arise from the azhidinylphosphonate Sa in basic medium.15 
This carbanion 9a would give gb by vibrational Interconversion. The equllibrlum mixture of the 

two carbanlons would lead after hydrolysis to 5a and 5b wlth the observed ratio. 

The predominance of 9b at the equilibrium is thought to he due to the steric htndrance between 

ArlPhl and cis-diethylphosphono group in 9a which was greater than the steric hindrance 

between AI2iPh1 on the mtrogen atom and the cis-diethylphosphonogmp in 9b. 
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Table 2 - Isomerlzatlon of Sa (Ar' = Arz = Phl 

Base S a m  Conditions S a m  

L D W  1/1 10 d n  . -78T . 20/80 
Hydrolysis, -78°C 

In order to conflrm the existence of these carbanion specles, trapping by usual allcylating 

reagents was attempted (CHJI. (CH312S04. CHz=CH-CH2Br. (CHdzCH-CHOI. Various experiments 

with dllferent conditions did not succeed. 
In the all studled cases the same mixture of aziridlnylphosphonates W 5 b  = 20/80 was o b w e d  

without traces of the expected alkylation product. 
There was here a clear difference between the behavior of the lithlated aziIldlnylphosphonate 
carbanions and the Hthlated azlridinylsulfone carbanlons whlch were allrylated in these 

c o n d l t l ~ n s . ~ ~  
The sale posltive result was observed ln the reaction of the Iithlated azlridlnylphosphonate 

derived from 5. (Arl = ~ r 2  = Phl and the carbon tetrachloride. With this electrophllic reagent, a 

chlorination of the phosphonate moiety occurred and led to a chlorinated azirldlnylphosphonate 

10 in excellent yield (85 %] (Scheme 7). 

Scheme 7 



The reaction has been extended to other azirldlnylphosphonates 5 and gave very good results 
lrable 3). 

Table 3 - Preparation of (2-chloroazlrldiny1)phospho~tes 10 from aziridlnylphosphonates 5 

The reaction proved highly stereoselectlve and glves one stereoisomer only of 10. The 

configurations of the 2-chloroazlfldinylphosphonates 10 were dimcult to asslgn by 1H nmr. 

Nevertheless, by analogv wlth results in closely related serles. the trans relationship of the Arl 

and dlethylphosphono groups, on the one hand. and of the Arl and Arz groups, on the other hand 

was supposed on the basis of the 13C nmr data.16 These concluslons can be putted together 
wlth RX data of closely related 2-chloroazlrldlnylcarbo~lates. obtained by a Darzens type 

reaction, which exhlblted thls conilguratlon.~7 

The a chlorinated azirldinylphosphonates were novel attractive functionally molecules. The hlgh 
degree of functionality would allow a variety of chemoselecuve transformations, the study of 

which is in pmgress.This reaction represented also a novel case of an a chlorination of a 

dlalkylphosphono group, a previously studied reaction in our group.l8 
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General MethoQs . Solvents were dried and distilled before use and all reactions were carried out 
under nitrogen. Silica gel 60 (Merck) was used for column chromatographic procedures. Ir 
spectra were recorded on a Perkln Elmer 580 B spectrophotometer and nmr spectra on a 

Perkln Elmer R12 B or on a BRUKER AM 400 (400 Mz) spectrophotometers. Mlcroanalyses 
were performed by the Microanaiytical laboratory CNRS. 

To a 2.4 M solution of butyUthium in hexane (12.5 ml. 30 mM) In tetrahydrofuran I30 ml) under 
nitrogen at  -70°C. a solution of dlethyl chloromethylphosphonate U. 5.6g. 30 mM1 in 

tetrahydrofuran I10 ml) is added dopwise at -78'C with stirring for 15 min. Stirring I s  continued 
for 50 min a t  -7O0C whereupon a soluuon of the m e  1 9. 10 mM) in tetrahydrofuran I10 ml) Is 
added.The mixture I s  gradually allowed to warm to -40PC with stirring for 13 h and then to room 

temperature for 1 h.Water l40ml) is added. For product isolation. the layers are separated . the 

aqueous layer is extracted with dlchloromethane. The organic layers are combined and dried 

with magnesium sulfate . the solvent removed. and the residual crude pmduct B anaiyzed by IH 
nmr before puil3cation by slllca gel column chromatography (eluuon hexane/ether) . 

Elution : hexane/ether = 3/10. yellow oil. 85% yield. n: = 1.4625. tr 3060. 3040. 1600, 1250 

cm-1 : 1~ nmr (400 MHz1 6ppm 1.09 It. J = 7 Hz. 3H). 1.20 It. J = 7 Hz. 3H). 2.64 ldd. JH-P 

=19 Hz. JH-H = 7 Hz. 1H) . 3.54 (dd which appeared as a mplet. JH-p = JH-H = 7 Hz. 1H). 3.85 

(m. JH-P = 3 Hz. JH-H = 7 Hz. 2H). 4.01 (m. JH-P = 3Hz. JH-H = 7 Hz. 2H). 7.0-7.7 (m. 10H). 

Anal. calcd for CleHz2 NOsP : C. 65.25 : H. 6.64 : N. 4.22. Found C. 65.10 : H. 7.14 : N. 4.04 . 

Elution : hexane/ether = 5/4. yellow oil. 30% yleld. n: = 1.4583. Lr 3060. 1600. 1570. 

1265 cm-1 : IH nmr (60 MHz ) Bppm 1.10 It. J = 7Hz. 6H) . 2.50 (dd. JH-P =19 Hz. JH-H =7 

Hz, 1H). 3.50 (dd which appeared as a tiiplet, JH-P = JH-H = 7 Hz. IH), 3.60-4.40 Im. J = 7Hz. 

4H), 6.80-7.80 (m. 9H). Anal. calcd for CleH21ClN03 P : C. 59.09 : H. 5.74 : C1. 9.71 : N. 3.83. 

FoundC. 59.13: H. 5.97: C1. 10.16:N.3.67. 



Diethvl 13-l~-chloro~henvll-l-ohenvl-2-azirldlnvll~hos~honate "cis" 

Elution : hexanelether = 3/10, yellow oll. 95% yield. n: = 1.4615 . ir 3060. 3040. 1600. 1255 

cm-1 : 1~ nmr (60 MHz) 6ppm 1.20 (t. J = 7Hz. 6H). 2.50 (dd. JH-P =19Hz. JH-H = 7 Hz.lH 1. 

3.45 (dd which appeared as a triplet. JH-P = JH-H = 7 Hz. 1H). 3.70-4.50 (m. J = 7 Hz. 4Hl. 

6.90-7.80 (m. 9H). Anal. calcd for C18HziClN03 P : C. 59.09 : H. 5.74 ; C1. 9.71 : N. 3.83. Found 

C,59.02;H,6.08:C1,9.81 :N.3.79. 

Diethvl l3-fm-nitr0~henv11-l-Dhenvl-2-aziridinvll~hos~honate "Cis" 

Elution : ether. yellow oil. 67% yleld.n: = 1.4633 . ir 3060. 3040. 1600. 1260 cm-I : IH nmr 

(60 MHz) Gppm 1.15 (t. J=7Hz. 6H), 2.55 (dd. JH-P =19Hz. JH-H =7 Hz. 1Hl. 3.50 (dd which 

appeared a s  a triplet. JH-p = JH-H = 7 Hz. 1H). 3.60-4.80 (m J = 7 Hz. 4Hl. 6.80-8.50 (m. 9HI. 

Anal. calcd for CI~HZINZOS P : C. 57.44 ; H. 5.58 : N.7.44. Found C. 57.41 : H. 5.57 : N, 7.25. 

Elution : ether. yellow oll. 51% yleld, n: = 1.4556 . Ir 3060. 3030. 1600. 1260 cm-1 : IH nmr 

(60 MHz 1 S ppm 1.30 (t. J = 7 Hz . 6Hl. 2.60 (dd. JH-P = 19Hz. JH-H = 7 Hz. 1H). 3.20-4.60 

( m . J = 7 H z . 5 ~ ) .  6.80-7.70(m,5H),7.90(d.J=9Hz,2H1.8.30(d,J=9Hz.2HI.Anal. 

calcd for CI~HZINZOS P : C. 57.44 : H. 5.58 : N.7.44. Found C, 57.65 : H, 5.42 : N, 7.38. 

Elution : hexane/ether = 5/1,  yellow 011. 70% yield, n t  =1.4623. Ir 3060. 3030. 1600. 

1270 . 1240 cm.1 : 1~ nmr (60 MHz ) 6ppm 1.25 (t, J = 7 Hz. 6H). 2.60 (dd, JH-P = 19 Hz, 

JH-H = 7 Hz. 1H). 3.20-4.40 (m. 5H). 6.80-7.80 (m. 9HI. Anal. calcd for Cls  Hz4N03P : C.66.08 : 
H .  6.95 : N. 4.05. Found C. 66.41 : H. 7.25 : N. 3.85. 

Diethvl 13-1 3.4-methvlenediomhenvll-l-ohenv1-2-azlrldinvllohosoho~e "Cis" 

Elution : hexane/ether = 1/4. yellow oll. 94% yield. n t  = 1.4595. Ir 3060. 3040, 1600. 1270. 

1240 cm-I : 1~ nmr (60 MHz) Sppm 1.15 (t. J = 7 Hz. 6H). 2.40 (dd. JH-P = 19 Hz.  JH-H = 

7 Hz. 1H). 3.35 ( dd whlch appeared a s  a triplet. J = 7 Hz. 1H). 3.60-4.30 (m. 4H). 5.85 s. 2HI. 

6.40-7.50 (m. 8 HI. Anal. calcd for CIQ HzzNOs P : C. 60.80 : H, 5.86 : N.3.73 . Found C. 60.77 : 
H, 6.02 : N, 3.56. 
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Elution : haanelether = 511, yellow oil. 53% yleld.nE =1.4583. Lr 3060, 3040. 1600. 1250 cm-I; 

1~ nmr 160 MHz) S ppm 1.10 It. J = 7 Hz. 6H), 2.40 ldd. JH-P = 19%. JH-H=7 Hz. 1H I. 3.35 

(dd which appeared as a triplet. J = 7Hz. IH). 3.50-4.50 (m. 4H) ,3.65 (s. 3H). 6.50-7.70 (m. 9 

H) . Anal. calcd far Cis Hz4N04 P : C. 63.15 : H. 6.64 : N. 3.87. Found C. 63.37 ; H, 6.42 : N. 

3.56. 

Diethvl 11-lo-bromoohenvll-3-ohenvl-2-z~dlnvll~hos~hoe "cls" 

Elution : hexanelether = 1/10. yellow oll. 80% yield, n: =1.4556 . ir 3060. 3040.1610. 1590. 

1265. 1240 cm-1; 1~ nmr (60 MHz) Sppm 1.10 (t. J = 7 Hz. 3H). 1.30 It. J = 7 Hz. 3H). 2.45 

ldd. JH-P =19 Hz. JH-H = 7 Hz, IH). 3.20-4.60 (m. 5H). 6.50-8.00 (m. 9H). Anal. calcd for C18 

Hz1BrN03 P : C. 52.68 : H. 5.12 : Br. 19.51 ; N. 3.41. Found C. 52.92: H. 5.42: Br. 19.25; N. 

3.56. 

A 1.6 M solution of n-butylllthium (6.25 ml. 10 mmol) in hexane is added. dropwlse wlth stirring 

at  -78°C to pure azirldlne Sa (2.8 g. 8.5 mmol) in tetrahydrofuran (30 ml). The reaction mixture 

becomes dark red. After 10 min sllrring at  -78T (or 1 h) water I35 mll Is added at -78°C and 

the product Is extracted by dichloromethane (3 x 30 ml). The combined organic layer is drled 
wlth magnesium sulfate, the solvent b removed under reduced pressure. 

'H Nmr analysis of the nude residual ofl showed a mixture SbISa = 80120. 

- - ps" 

Yellow oil: 'H nmr (400 MHz) S ppm 1.22 (t. J = 7 Hz. 3 HI. 1.30 It. J = 7 Hz. 3 HI. 2.83 ldd. 

JH-P=20Hz.JH-H=3,5Hz. l H ) . 3 . 8 6 ( d d . J H - P = 8 H z . J H - H = 3 . 5 H z .  1H).3.96(m.JH-P= 

3 ~ z ,  JH-H = 7 ~ z ,  2 H). 4.10-4.25 (m, JH-P = 3 ~ z .  JH-H = 7 Hz. 2 H). 6.80-7.70 lm, 10 H). 

of 2-c- 

To a stlrred solution of aziridfnylphosphonate Sa IAr' = Arz = PhlllO mmoll In 30 ml of 
tetrahydrofuran is added dropwlse a 1.6 molar solution of n-butylllthium (7.5 ml. 12 mmoll In 

hexane a t  -78°C. Stlrring is continued for 10 mln at  -78°C during which time the solution 

acqulres a orange color indicating the formation of the llthiated anlon 9 . T h e n  

tetrachloromethane (5 ml) is added. The reaction mixture becomes dark green. Stirring is 

continued for 1 h at  -78'C and the solution is then hydrolyzed by addltion of water (40 mll at  

this same temperature . The aqueous layer is extracted with dichlommethane (3 x 50mll. The 

comblned organic layer Is dried wlth magnesium sulfate and the solvent is removed under 

reduced pressure. The black residue Is  purified by reclystallizadon or by column 

chromatography on sillca gel using hexanelether as eluent to glve the product 10 as an oll . 



Elution : hexanelether = 3/10. 85% yleld. yellow oil. ir 3060. 3040. 1600. 1265 cm-'; IH nmr 
(60 MHz) Sppm 1.00 (t. J = 6.5 Hz. 3H). 1.20 It. J = 6.5 Hz. 3H) : 3.30-4.50 lm. 5M . 6.50-8.00 
(m. 10H). Anal. calcd for Cls H21ClN03 P : C. 59.09 ; H. 5.74 : Cl. 9.71 : N. 3.83. Found C. 58.75 ; 
H. 5.87 ; C1.10.14 ; N, 3.61. 

Elution : hexane/ether = 1/5. 78% yleld. yellow oil. lr 3075. 3040. 1590. 1265 cm-l: IH  nmr 
(60 MHz) Sppm 0.75-1.55 (m. 6H). 3.30-4.50 (m, 5H). 6.60-7.70 Im. 9H). Anal. calcd for Cls 
H~oBrClN03 P: C, 48.59 : H, 4.72 : Br. 17.99 : C1, 7.98 : N.3.14. Found C. 48.75 : H. 4.87 : 
Br.17.65:C1.8.03: N.2.98. 

Dieihvl 12-chlaro . 3 . lo -m€thvlnhenvll-l -0henvl-2-azlrldinvllnhosnhon~ 

Elution : hexanelether = 215. 80% vield. vellow oil. h 3070. 3040. 1600. 1260 cm-'; IH nmr . . . . .  
(60 MHzl Sppm 1.05 (t. J = 6.5 Hz . 8H). 2.45 1s. 3H). 3.30-4.50 (m. 5Hl . 6.50-7.90 (m. 9HI. 
Anal. ealcd for Cls H23CLN03 P : C. 60.07 ; H. 6.06 ; C1. 9.35 ; N. 3.68. Found C. 59.66 : H. 6.05 : 
Cl. 9.55 ; N. 3.57. 

Diethvl 12-chloro - .  3 lo -m ethorvo p 

Elution : hexane/ether = 3/10. 90% yleld, yellow oil. Ir 3070. 3040. 1615. 1605. 1255 cm.'; 

1~ nmr (60 MHz] 6 ppm 1.00 (t. J=6.5Hz. 3H). 1.20 (t. J = 6.5 Hz. 3H. ). 3.10-4.60 lm. 5H). 
3.70 (s. 3H) . 6.30-7.90 (m. 9H). Anal. calcd for Cls Hz3ClN04 P : C. 57.64 : H. 5.81 : C1. 8.97 : 
N.3.53. Found C. 57.73 ; H. 5.98 ; CI. 8.85 ; N. 3.31 . 

p ~ v l e n e d i o ~ h e n v 1 1 -  1-nhenvl-2-a~rldlnvllnhosnhon~ 

RecIystallization in ether. 95% yleld. mp = 97%. Ir 3070. 3040. 1800. 1260 cm-I: IH  nmr 
(60 MHz] Sppm 1.05 (t, J.6.5Hz. 3H), 1.25 (t. J = 6.5 Hz. 3H). 3.20-4.40 (m, 5H). 5.90 Is. 2HI. 
6.50-7.50 (m. 8H). Anal. calcd for Cis HziClNOs P :  C. 55.60 ; H. 5.61 : C1. 8.67 : N, 3.42. Found 
C.55.76;H.5.30;Ci.8.68; N.3.39. 

p- - .  - ~ e n v l l - l - o h e n v l - 2 - a z i r l d i n v l l ~ h ~ n h ~  

White solid. recrystalllzation in hexane. 83% yleld. mp = 93% ir 3070. 3040. 1600. 1260. 

1240 cm-1: 1~ nmr (60 MHz) Sppm 1.15 It. J = 6.5 Hz. 3H). 1.20 It, JS.5 .  3Hl. 3.50-4.30 
(m. 5H). 6.70-7.70 lm. 9H). Anal. calcd for Cia HzoClzN03 P : C. 54.00 : H. 5.00 : C1. 17.75 : 
N.3.50;FoundC. 54.03 H,5.18:Cl, 17.82; N.3.47. 

m t c  

Yellow crlstals, reclystalllzation in hexane. 91% yleld, mp = 90°C. ir 3070. 3040. 1600. 1260 
1240 cm-1: IH nmr (60 MHzl Sppm 1.15 (t. J=6.5 Hz. 3H). 1.25 It. J= 6.5 Hz. 3H). 3.50-4.30 
(m. 5H). 6.80-7.60 (m. 9H). Anal. calcd for Cis H20ClzN03 P : C. 54.00 ; H. 5.00 ; C1. 17.75 ; N. 
3.50 .FoundC.54 .04;H,5 .07;Cl .  17.72; N.3.48. 
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