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Ahs l rac t  : Various chinil secondary alcohols have been u~d to study the dcpcn(Icnce of the sterexx:hemicad outcome 
of sulfinate and phosphinalc ester synthesis on the nan=re of the base used to cataly,se the reaction. From this study it has 
been shown thai the achiml stercodirccting ha~ clfcct dctcrminexl in the DAG methedology is a general bchaviour in 
the asymmetric synlbesis of s,,llinalC and phosphinale osiers. © 1999 Published by Elsevier Science Ltd. All rights reserved. 

Some years ago we developed a genend and practical route to both enantiomerically pure sulfoxides 

which we named "DAG methocbdogy ,,I as it uses the ghicose derivative diaeetone-D-glucose (DAG) as 

inducer of chirality in the reaction of this :dcohol with tin alk:me- or arenesulfinyl chloride to give the 

corresponding (Rs)- or (Ss)-sulfin:lle. 2 The DAG methodology is uniqtle in its kind because the achiral base 

used to catalyse the reaction acts as chiral stereodirecting g,'oup. Most interestingly, we have shown the 

existence of two kinds of bases able to induce complete stereoconlrol in the sulfinate synthesis and in opposite 

re:tuner. In a predictable manner pyridine like. hases induce m.'linly the formation of (Rs)-sulfinates, while 

Hunig like bases promote the synthesis of (Ss)-sulfin:lte as a single isomer in most cases, Scheme 1 (Y=S, 
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Scheme I 

A simple inspection of the liter:mire indicated that the methodologies reported for the synthesis of chiral 

st,lfinate esters 3 work equally well for phosphinate esters, 4 showing identic:d behaviour for both types of 

componnd. As :mlicipated, the .'lchir:tl stereocontrolling base effect in the phosphinate synthesis has been 

obsen, ed in an identical re:tuner to that in the sulfin:,te synthesis. 5 Using a single inducer of chirality, 

diacetone-D-glucose, both phosphinate esters, Rp and Sp, can be obtained in a predictable manner by a simple 

change of the base used, Scheme I (Y=P, R'=Me). Thus, the DAG methmlology has been extended to the 

synthesis of optically pure P-chiral phosphine oxides which are precursors of P-chiral phosphines and 

diphosphines, important ligands for tr:msition met.'d catalysis of en.'mtioselective reactions. An important 

question is whether the achiral stcrccxlirecting base el'feet observed with DAG is a p.'wticular case due to this 

alcohol or a general behaviour of second.'iry chinll carbinols. In order to answer this question :rod to get better 
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insight into the mechanism of the reaction, we relx'Wt in this comnmnication the generalization of the base 

effect in the synthesis of other chinll methanest,lfinates :rod methyl phenyl phosphinates. 

The reactivity of different chiral carbinols wifh methimesulfinyl chloride was checked up using the 

optimal conditions previously detemlined for DAG. I 

Table !: Reaction of methanesulfinyl chloride with different chiml secondary alcohols. 

0 . .  0 
O Base ~ " "" 

+ R*OH --- M e - - S " o R  • + M e " S " o R  * 
M e " S " c I  Solvent (-78gC) Ss Rs 

Entry Alcohol Basea Yield Diasl. Ratio b d.e.  
(%) Ss/Rs (%) 

1 Diacetone-D-gluco~ 

2 

3 Dicyclohexylidene-D- 
glucose 

4 

5 l( I S)-endo I" 
-(m)-Bomeol 

6 

7 (IS. 2R, 5R)- 
-(+)-lsomenthol 

8 

9 (IS, 2R, 3S, 5R)-(+)- 
-Isopinocampheol 

10 

I! 

12 

13 

14 

15 

16 

17 

18 

(--)-Cholesterol 

(IR, 2S, 5R)- 
-(~)-Menthol 

(R)-(~)-3,3-Dimethyl-2- 
-hydroxy-7-Butyrohictone 

Methyl (S)-(~)-Lactate 

Pyridine 

i-Pr2NEt 

Pyridine 

i-Pr2NEt 

Pyridine 

i-Pr2NEt 

Pyridine 

i-Pr2NEt 

Pyridine 

i-Pr2NEt 

Pyridine 

i-Pr2NEt 

Pyridine 

i-Pr2NEt 

Pyridine 

i-Pr2NEt 

Pyridine 

i-Pr2NEt 

87 7/*)3 86 

9O >98/<__2 >96 

53 6/*)4 88 

92 >98/<2 >96 

61 74/26 48 

68 38/62 24 

86 65•35 30 

95 4O160 20 

80 46/54 8 

92 65/35 30 

~)5 52148 4 

~)5 47/53 6 

>95 28/72 44 

~)5 71129 42 

70 61/39 22 

74 49/51 2 

83 39161 22 

87 54•46 8 

aThc .,~lvcnts used were THF wilh pyri(linc and toh,e,~.~ wilh/-Pr2NEI, bDek'mzined by I H NMR .'m;tlysis of the crude. 
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The results obtained, summarised in T;tble I, show that the stereoeourse of this reaction is tightly tied to 

the nature of  the base used. The differences in the chemical shifts of various proton signals allowed 

determination of the diastereoisomerie ratio by I H NMR of the crude mixture. 6 The highest d.c. was obtained 

with dicyclohexylidene-D-glucose (DCG) as predicted from its structural similarity with DAG. The 

(R)-sulfinate was obtained as the major isomer with pyridine (88% d.c., entry 3) while the (S)-sulfinate was the 

only isomer detected with i-Pr2NEt (d.c. -> 96%., entry 4). (+)-Isopinocampheol, (--)-menthol, and methyl 

(S)-(--)-Iactate showed a similar behaviour to DCG but the d.e.'s obtained were markedly lower. On the other 

hand,(--)-borneol, (+)-isomenthol, (--)-cholesterol and (R)-3,3-dimethyl-2-hydroxy-7-butyrolactone yielded 

-mainly the (S)-sulfinate as the major isomer with pyridine (entries 5, 7, I I and 15) and the (R)-sulfinate with 

i-Pr2NEt (entries 6, 8, 12 and 16). Surprisingly, the lowest d.e.'s (4 % and 6%, entries II and 12) were 

obtained with (--)-cholesterol which was the first chiral alcohol used in the synthesis of  optically pure 

methanesulfinates on route to optically pure methyl :dkyl sulfoxides. 7 The absolute configuration of each 

sulfinate was assigned by tr:msforming it into the known methyl p-tolyl sulfoxide, by treatment with the 

Grignard reagent, p-tolyl magnesit,m bromide, assuming that the displacement step occurs with complete 

inversion of configuration. 8 

Table 2: Reaction of methyl phenyl phosphinyl chloride with different chiral ~condary alcohols, a 
Ph O~ Ph 

0 Base ~ ...O ...- 
4- 

M e / ~ . C  I + R'OH - M e / P - o R  • M e / P ' o R  • 
Solvent  (-78QC) 

Ph Sp Rp 

Entry Alcohol Base b Diasl. Ratio c d.e.  
St/Re (%) 

l Diacetone-D-glucose Pyridine 25/75 50 

2 NEt3 97•3 94 

3 Dicyclohexylide,~e-D- Pyridiqe 30/7(I 4() 
-glucose 

4 NEt3 95•5 90 

5 I(IS)-endol-(--)- Pyridine 75•25 50 
-Borneol 

6 NEt3 58/42 16 

7 (IS. 2R, 5R)-f+I- Pyridine 58142 16 
-Isomenthol 

8 NEt3 13/g7 74 

9 (IS, 25. 3S, 5R)-(+)- Pyridine 44156 12 
-isopin(x'ampheol 

IO NEt3 57143 14 

aRc, aflions were slopped when all Ihc alcolml had ~'acled, ohlaining Ihe ph(~phinatc esters in nearly 
qllantitalivC yicld.bThe solvo)ls liSt'tl were 1"1-1[: with pyrltlinc and IOlllCrlc with NEt 3. Cl~to~ined by 
] H NMR analysis of llle crtl(Ic. 
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Having demonstrated thal the slereochemical ot,tcome for the fom'=ation of sulfinate esters is base 

dependent we turned our attention to generalization of this effect in the phosphinate ester synthesis. The results 

of this study are sumnlarised in Table 2. As t-,cfore, the d.e.'s were calculated by 1H NMR spectro~opy of the 

crude mixture 6 and the absolute configuration at the phosphorus atom in the major isomer by transforming it 

into a known phosphine oxide. 5 The highest d.c. was obtained, again, with the D-glucose derivatives DAG and 

DCG. Moreover, in all the cases studied, the achiral stere~'omrolling effect of the base was observed, 

indicating once again a similar stereochemical hchaviour of sulfinate and phosphinale ester. Thus, the DAG 

mcthodnl¢~gy is not limited to sulfimktc esters but also to phosphinate synthesis. 

In conclusion, the resuhs presented here demonstrate unambigously that the stereochemical outcome of 

the sulfinate :rod phosphinate ester synthesis is highly dependent up on the nature of the base used and that we 

are dealing with a general stereochemical bchaviour in this kind of synthesis. We do believe that this effect is a 

consequence of the participation of an hyperv:dent sulfur and phosphorus atom. In our proposed mechanism, la 

a Berry pseudorotation of the .'alleged st, lfur:m~ or ph¢~sphor.'me intermediate would account for the 

stereoselectivity observed. 
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