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Abetract - The reaction OP euqar l poxidee uith organic mono- 
thioacide OP phoephorur provider a convenient procedure Par 
synthesizing sugar thiophoephatee and mercaptoauqar phoephates. 
BeqcQ,.on detailed anelyeia. oP -interaqdiptqr and ,Factors 
inPluoncinq the reactivity OP phoephorue monothioecids with 
augar.apaxidee the reaction ?cheme ia proposed inuolvinq 
pentacoordinate intermediate which undergoed endo .or/and 
oxocyclic ellminqt$on. It uaa ..Pound..thqt the rg.actioa OP 
5,6-anhydro-l,2-0-ieopropylidene-o(-D-qlucoPurenoee 7 with 
phoqphprothioic ecfde 8a and 

BP. 
yields three typae OT products 

in equilibrium: the thxphoep atee 9a atid gb, the oxathia- 
phoepholansa lla and llb and.tha mecaptop=aphatee 10a and 
lob. Under mordraetr&nditione the phoephatee lO=nd 
m can be conuortod..irrsveraibly into the episulpme 12 and 
phosphoric acids 15a and 13ti.reepectively. It is dldarv 
poeeible that botEompou3 10 and 11 can be Pormed Prom the 
came pentacoordinata intermeate, a3 the experimental 
evidence provider strong support Por it. 

migration oP the phoephoryl group bound to oxygen to the vicinal hydroxyl 

group in the l,P-dial system, which’ dccurs’in many bioloqibal proceaeee, hae long 

been the subject oP extensive etudirs. 1.2 A similar migration OP the phoephoryl. 

group Prom eulphur to oxygen haa been observed in the reaction OP oxiranee with 

monothioacide OP phoephotius 3 and in the reaction8 oP cerbanione containing the 

thiophoepharyl group with carbonyl compounds4 to give epieulphider or olePinor in 

the Pine1 stage. Analyzing t.he.courae oP teection beturien aodium methyl-N-cyclo- 

hexyl phoaphoramidothioate 2 and ethylene oxide, in which the only characterized 

products were ethylene sulphide and sodium methyl-N-cyclohoxyl phosphate 2, 

Hamer’ made the dtisumption that thia reaction must occur through the intermediate 

ester 3,. which in turn is Pormed Prom the ester2 (Scheme 1). This converaioh 

2-3, wee explained by Hamer, eicordinq to Weetheimer’a principle’, ae the 

reaction invdlvinq V-coordinate intermCdiatd s and 2 which uere interconvertible 

throuqh a pesudorotation process E-2. .The author eimultanooualy assumed that 

the paeudorotat%on prbceae is Pelter than the exocyclic elimination-ot the 

methanolate anion Prom the intermediate product z uhich would result in the 
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Scheme 1 

cyclic compound 6. The tranaphaaphorylation under diecuaaion rapraaanta 

a particular caaa o? nuclmophilic aubatitution at tatracoordinata phoaphorua atom. 

Producta of type 2 and 2 ware observed by Arbutov and Nuratdinova’ in the reaction 

of alkana oxidaa uith monothioacida of phoaphorua. Theea authors alao observed 

the formation of cyclic producta, oxathiaphoapholanaa of type d in the above 

reactiona. In the caaa of arylexy groupa bound to phoaphorua, 2 ware final 

reaction products. 

5 31P= l 40 - + 45 pm 

R=Ph 

We obaarvad the formation of products 2 in our uork concerning the aynthaaia 

of unaaturatad augera through the reaction of auger oxiranaa uith alkylaamonium 

phoaphoroaalanoataa.’ On thia baaia a tranaphoaphorylation machaniam of the 

phosphoryl group bound to selenium, to the vicinal hydroxyl group, analogoua to 

that propoaad by Hamar, wee auggaatad. Recently, we have found that uhen the 

above reaction ia carried out uith O,O-di-t-butylphoaphoroaalanoata, it can be 

atopped at the ataga of the product 1.’ 

Our praaant uork ia a continuation of the invaatigationa devoted to the 

aynthaaia of auger thiiranaa. 10 We found that careful monitoring of the reaction 

of monothioacida of phcaphorua uith 5,6-anhydro-1,2-O-iaopropylidana-o(-O-gluco- 

furanoaa 1 alloua deeper insights into the q achaniam of that reaction. It afforda 



new, convincing arpumanta Par tha participation of the pantacoordinate intarma- 

diata 14 in the tranaphoaphorylation step 2-2. 

RESULTS AND DISCUSSIDN 

Thorough invaatigationa of the reaction o? the model oxirana 1 with mono- 

thioacida of phosphorus 5 uarls partormad on two modal acids: D,O-diethyl- 

phoephorothioic acid & and O,O-diphanylphosphorothioic acid g. The reactions 

were carried out with free acids in inert solvents. The temperature ranges mars 

adjusted so that the formation of intermediate producta could be followed by 

31P-NRR spectroscopy. The advantage OP performing the reaction uith free acids 

in non-aqueous solvents is that one can avoid complications connected uith the 

hydrolytic process. 

products rapraaented 

In this way it use possible to demonstrate that intarmadiata 

in Scheme 2 wars formed, 
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In the oouree of invaatigetiona which are not included in this paper, us 

have bean able to isolate the product 2 when ueing the acid P (R=%ufg and also 

products of type %CJ.” 

The reaction ot the oxirano 1 uith the acid & (R-Et) was performed in 

toluane solution, at 1BoC UsfnQ atoichiomatric amounts of reagents. The progress 

of the reaction in couraa o? time, as viewsd by 
31 

P-NRR spectroscopy is 

represented in Figure 1. 

The appearance of a signal characterized by chemical shift 6 “PI +26.0 ppm uaa 

observed a?tar a Pew minutes, Twenty minutes later tuo neu signals appeared, 

S =$ P- +42.2 and +41.2 ppm. During tha next t’eu hours the intanafty a? the 

signals at 81 +26.D, +42.2 and +41.2 ppm increased, and after 3 hre a new 

signal at -0.6 ppm appeared. Thm signals at +42.2 and +41,2 ppm ahowad maximum 
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Figure 1 
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hrs, during which time the signal at +26.0 ppm diminished end 

ppm considerably increased. After 5 days all signals including 

the signal corresponding to the starting O,O-diathylphosphorothioic acid 

( S “P= +57.7 ppm) had disappeared and only the signal at -0.6 ppm was observed. 

The signal at +26;6 ppm can be ascribed to the adduct E by comparison with the 

a3’P value Pound Por the product 2 (f?lt El”)’ as wall as with the adducts described 

by Russian workers. 3 
The signal at 6 = -0.6 ppm corresponds to the isomarisatfon 

product 1 Oa. This is confirmed by the IR spectra oPTthe isolated product. The 

signals at +42.2 and +41.2 ppm occur in the region characteristic of chemical 

ahiPts ascribed to the oxathiaphospholanes. 
3 

Additional evidence Por the 

structure 11 is the presence of two signals which correspond to two diasterao- 

isomers. 

The reaction oP 2 with E can be steered towards,the formation OP the product 

Ila (R=Et) by removing ethyl alcohol Prom the reaction medium. Equimolar amounts 

oP & and l were dissolved in toluena and allowed to react at room temperature 

until the signal corresponding to the starting thioacid & (R-Et) disappeared. 

During that time, ethyl alcohol formed was continuously removed under vacuum. 

It was Pound that under these conditions, the post-reaction mixture contained, 

besides diastaraomeric oxathiophoapholanas lla ( s3’P= +42.2 and +41.2 ppm), only 

minute amounts of the marcaptophoaphate 2 (s”P- -0.6 ppm). 

In the same reaction carried out with excess ethyl alcohol, however, no 

oxathiaphospholanes-ware observed, at least in amounts detectable by the 

spactroacopic method used. 

The reaction OP 1 with O,O-diphenylphosphorothioic acid & proceeds with 

high selectivity towards diastaraoisomeric oxathiaphospholanes lib (8 3’P, 

+40.6 and 40.0 ppm) in 1:2 ratio, respectively (Figure 2). 
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Figure 2 

The question ie, what role do the oxathiaphoapholanee play in the mechanism 

of the reaction between alkene oxides and phosphorothioic acida? In other words, 

are the oxathiapho~pholanes intarmediate product8 in the isomeri8ation 2 -+z 

or not? The Pact that oxathiaphospholanes are Pormed on elimination OP alcohol 

strongly suggests the existence of equilibria between 2, lf3, and z. 

The intramolecular nucleophflic substitution et phosphorva reaulta Prom the 

attack of the hydroxyl group on phoephcrvo in the phosphoryl QrOVp of compound 2 

and lead% to the formation of the pentacoordinete system E (Schems 3). 
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According to Westheimsr, pentacoordinatm compounds like 14 should be stabilized 

by the prerence of the five-membered ring. 

In order to fulfill the rule of apical entry and apical departure, the 

ligand re-arrangement 14*+14’* is required, uith the OH group ae a pivot. 

The pentacovalent syrtem exieta in equilibrium with its protonated forms, 

e.g. : 2”‘. 

Scheme 4 

The proton source can be internal, from the OH group which on deprotbnation 

increares its equatoriality, or external, from the monothiophosphoric acid. 

The V-coordinate phosphorus intermediate 1Q** or it.8 protonated form 2”’ can 

dieintegrate in two uays: through rupture either of the P-O bond, or of the 

P-S bond. The first route leads to an oxathiaphospholane ll, the second to the 

product JJ containing a free thiolo group. The exocyclic elimination affording 

oxathfaphoepholane ir a reaction leading to a chiral syetem 11. The procaae of 

formation of compound 11 proceeds, according to the experimental data, with 

rtereochemical #election. 

In the case of R-phenyl, the equilibrium is shifted towards oxathia- 

phoepholanee because phenoxide ion ie a good leaving group. When R=Et, it is 

poaeible to shift the equilibrium touarde the oxathiaphospholanee by removal 

of ethyl alcohol. It is obvious that in the case of further transformation of 

compound E into epiaulphide 12 the equilibrium is shifted towards 12 due to 

the irreversible character of the reaction. 

Returning to the question of the role of compound 11 in the reaction under 

consideration, it should be emphasized that c cannot be the intermediate product 

in the ieomeriaation process 2-10. The pentecoordinate system 2 is the true 

intermediate product in this tranrformation. The oxathiaphoepholanes 11 are 

formed through the rame intermediate 14 in a parallel elimination reaction of 

alcohol or phenol. They are in equlibrium with the product 2 aa well aa with s 

through the pentacoordinate eyetem 2. The formation of 11 aeema to be kineti- 

cally controlled. When the eliminated alcohol is not removed, 11 undergoes 

transformation into s (uhich ia thermodynamically the more stable product) or, 



under more drastic conditions, into the Pfnal reaction product which has the 

episulphido structure 12. This Pine1 reaction 'step is accompanied by the 

elimination OP the Corresponding phosphoric acid ‘13. In this sense, it can be 

considered as the end ol’the oxygenation process OP the starting phosphorothfoic 

acid. 

The ease OP exocyclic elimination OP alcohol or phenol Prom the penta- 

coordinate system 2 is worth emphasizing. In spite OP the Pact that the P-S 

bond in the apical position is likely to undergo an easier Fission than the 

analogous P-O bond, the ‘dominating Pactor in the reaction is the leaving group 

ability oP the alkoxy or aryloxy group in its protonated Porm. 

Our results provide strong support Por mechanistic schemes proposed by 

other authors for the transphosphorylation reaction in 1,2-dial systems 1,2 and 

analogous systems containing sulphurS, selenium 
a 

or tellurium’2. They 

demonstrate the importance OP pentacoordinate phosphorus intermediates in 

nucleophilic displacement at tetracoordinate phosphorus atom according to 

Westheimer*s6 conceptions. 

EXPERIRENTAL 

“P NflA spectra were recorded with a Jeol 60 PlIHz/FT operating at 24.3 RHt 

(CHC13 as solvent and 85% H3P04 as external reperence). The chemical shfPt.8 are 

reported as 8 values (2 1 ppm). 

5.6-Anhydro-l.2-0-isopropylidene-~-D-glucaPuranose (1) was. prepared according 

to Wiggins13; m,p. 133-?34’C (benzene). 

O.O-Diethylphosphorothioic acid @a) was prepared by standard procedure consisting 

of addition OF elemental sulphur to 0,0-dialkylphosphite in the presence of 

sodium ethanolate followed by acidiPlcation of the sodium salt obtained, chloro- 

form extraction, drying and distillation. Colorless oil, b.p. 107-109°C/2,5 mm HQ 

(lit.: b.p. 106-107°C/2.5 mm HQ’~). NIV?: +57.7 (one signal). 

O,O-Diphenylphoephorothioic acid (6b) was prepared by addition of elemental 

sulphur to O~O-diphenylphoaphite I5 ,(colorless oil, b~p~l10-l12°C/0.0S mm Hg : 

lit.: b.p. 14S-148°C/0.?S mm HQ’~ ; NilR: +0.2) Ln the presence OF dfcyclo- 

hexylamine. The dicyclohexylammonium salt of 6b, m.p. 193-195’C (sthanol/uater 

2:l); NRR: +46.7; Analysis C24H3403NPS requires: C, 64.41; H, 7.66; P,6.92; 

S, 7.f6; found: C, 64.64; H, 7.63; P, 6.85; S, 6.86. The dicyclohexylammonium 

salt was converted into the sodium salt which on acidifiaation with HCl, 

chloroform extraction, drying and evaporation OP the solvent gave a as colorless, 

thick oil. NRR: +53.5 (one efgnal). Attempted purification OF E by high-vacuum 

distillation resulted in decomposition (several “P signals). 

The reactions represented in Figure 1 and Figure 2 were perPormed in NMR 

tubes at 10’C using stoichiometric amounts OP reagents. 

Reaction oP 2 uith & 

390 mg (1.93 mmol) 1, 330 mQ (1.93 mmol) & were dissolved in toluene (2 ml). 
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Rae&ion of 7 with 8b 
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480 mg (2.4 mnol) 1, 64’0 rg (2.4 maol) g uaro dissolved in benzene (2.5 ml). 

The courao of experiments ie described in Ranulta and Dircuaeton. 
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