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Alkylations of Enolates Derived from 1,3-Diacylimidazolidine- 

2-thiones and 1,3-Diacylimidazolidin-2-ones 
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Abstract: Sodium and potassium enolates of 1,3-diacylimidazolidin-2-ones undergo clean 

alkylation reactions with reactive alkyl halides; the latter enolates reacting generally more 

stcrcoselcctively due. it is proposed, to tbe lower temperature at which the reactions proceed. The 

reactions are all stereorcgular, with the diastereoisomeric identity of products being cstablishcd 

unambiguously by the synthesis of (2X)-3-phenyl-Z-methylpropan-l-01. The sense of asymmetric 

induction in these mactions is consistent with the intermediacy of chelated syn enolates which the 

elecuophile approaches prcfetentially born the face en0 to the proximate alkyl I aryl group on the 

five-mcmbcrcd ring. In contrast, 1,3-diacylimidazolidine-2-thiones are unable to act as 

hifunctional chiral auxiliaries in alkylation reactions due IO enolate decomposition. 

Introduction: 

Enolatc alkylation is a powerful synthetic method for asymmetric carbon-carbon bond formation2. The 

attainment of high levels of diastercoselection require the conformational restriction of an enolate of specified 

geometry followed by the differential shielding of one face of this restricted enolate. Initial restriction of the 

cnolarc conformation is usually achieved by chelation of the enolatc counterion to a suitable lone-pair donor on 

the auxiliary. As the parameters that govern the accessibility of the two faces of the enolate are believed to bc 

predominantly stcric3, Incorporation of a suitable stcreogenic centre can shield one face of the cnolate, 

promoting reaction on the exe face. We have demonstrated that bifunctional chiral auxiliaries can he developed 

which allow the simultaneous stercoselective elahoration of two acyl side-chains4. In this paper we seek m 

investigate the alkylation of these reagents 

Alkylation of sodium and lithium cno1ate.s of N-acyl oxazo1idinone.s has been demonstrated to occur with good 

stercocontrol and with the former enolates showing much greater reactivity5. The level of diastcrcoselcction is 

found fo he dependent on both the nature of the enolatc counterion and the size of the elcctrophile. Thus, while 

sodium cnolates show generally higher stereoselectivities lhan do their lithium counterparts. small clectrophilcs 

generally react less selectively due to their relative insensitivity towards the steric hinderance caused by the C-4 

substitucnt. Mom recently, sterco.selective alkylation oftrichlorotitanium enolates has been reported to occur at 

O’C. although only with tbe most reactive electrophilese. 

Alkylation of N-acyl oxaLolidinonc enolatcs creates a single stereogenic centre and therefore allows two possible 

diastereoisomers of the product to be formed. Alkylation of the two acyl side-chains on a bifunctional chiral 

auxiliary may generate two new stereogenic centres and consquently might be expected to allow the formation 

t Mcmkrof he EC Human Caplal and Mobility Network “Stereos&ctivz Organic Synthesis” 
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of four possible diastcrttoisomcrs of the product. However. only rhe three diastcrcoisomers 1.2 and 3 may be 

formed, due to considerations of symmetry’. Both 1 and 3 have a C2 symmetry clement whilst 2 is devoid of 

this feature, the situation h&g analogous in terms of the side-chains to the hcttcr-known case of the cxistencc of 

~ICSO compounds. 

1 R* 2 R* 3 R* 

The point may he further discussed if we consider the speciftc case where the configurations of the two 

stercogenic centrcS on the fivemcmbcrcd ring arc both R and where the substitucnts Rt and R2 arc arbitrarily 

chosen so that the former has a higher priority when assigning a configuration. If the four asymmetric centres 

are listed in linear order. with those of the chiral auxiliary in the middle, 1 has the configuration (R,R.R,R), 3 is 

(S,R,R..S) and 2 corresponds to the (R,R,R,S) diastereoisomer. However, because there is no way to 

distinguish at which end of the molecule this listing has begun, there is no difference bctwecn the (R.R.R,S) 

and (S,R,R.R) diastcrcoisomcrs; they arc the same compound, 2. This method of rationalising the existence of 

only three diastereoisomcrs may he demonstrated if acylation of a general&d imidazolidinc-2-thione or 

imidazolidin-2-one 4 is attempted with an a-substituted acyl halide 5. In the absence of molecular recognition 

phenomena. a 25:X):25 mixture of 1.2 and 3 should result (Scheme I). 

i) C,H,N / DMAP 
X / X 

ii) 0 

R’ 
Cl R’ 

4 
5 R* 

R* 

Scheme 1 1 : 2 : 3 = 25 : 50 : 25 

WC herein report the stereoselective alkylation of these novel hifunctional chiral auxiliaries and the conversion of 

the dialkylatcd products to a-substituted chiral alcohols via teductive cleavage of both acyl side-chains. Part of 

this work has been the subject of a preliminary communication*. 

Results and Discussion 

Although alkylation of N-acyl thioxazolidin-2-thiones has not been reported, alkylation of l,3- 

diacylimidazolidine-2-thiones was attempted’. Thus. a solution of l.3-dipropionyl-rrans-4.5- 

tetramethyleneimidrvolidine-2-thione 6 in THF at -78OC was treated sequentially with sodium his(trimethylsilyl) 

amide and methyl iodide. After stirring for 2 h at -78°C the reaction was quenched and worked-up to give a 
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crude product which was separated into two fractions by chromatography on silica gel. The less polar fraction 

contained a 55:45 mixture of the l-acyl-rruns-4.5-te~amethyleneimida~~lidine-2-Lhiones 7 and 8. The mom 

polar fraction contained an 85: 15 mixture of the S-metbylated products 9 and 10 (Scheme 2). 

i) NaV(SiMe& 

ii) Me1 

Scheme 2 

As neither fraction could bc further separated. 7-10 could not k charactcrised using elemental analysis. Whilst 

7 and 8 were characterised using high resolution mass spectroscopy, it was decided to preparc the major 

product of the more polar fraction, 9, by an alternative synthetic route. This would allow it to be purified mote 

readily and make it amenable to full characterisation. We have previously described the synthesis of 12 via S- 

methylation of rrans-4.5~tetramcthyleneimida~olidine-2-thione 111. Acylation of 12 was achieved by treatment 

with pmpionyl chloride and pyridine in the presence of a catalytic quantity of 4-(dimctbylamina)pyridine. This 

allowed the preparation of 9 in moderate yield but in a form that could be readily purified (Scheme 3). 

i) Mel 
s- Shle - 

ii) NnHC$ (aq) 

9f.X 

11 12 

Scheme 3 

It is clear that all four possible products are characterised by the loss of one of the two acyl side-chains. This 

indicates that 1,3-diacylimidazolidine-2-thiones are not capable of acting as bifunctional chiral auxiliaries in 

alkylation reactions. A mechanism mat can account for the formation of all four products must be somewhat 

speculative and WC have not sought to establish it conclusively. However. treatment of 6 with 0,7 equivalents of 

sodium bis(trimethylsily1) amide under conditions analogous to those described above, gave a mixture of 9 and 

recovered 6 after addition of excess methyl iodide, stirring at -78°C for 1 h and work-up. This strongly suggests 

that enolate deecomposition occurs from the monoenolate and not via elimination of methylketene from the 

bisenolatc. The failure of this reaction to give any of the mono C-alkylated material indicates that alkylation 

cannot even IX achieved in two distinct steps, although such a strategy would negate the inherent advantage of 

using bifunctional chiral auxiliary methodology4 (Scheme 4). 
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i) NaN(SiMq), (0.7eq) 

ii) MCI 

Scheme 4 

To onsurc that dialkylation of 1.3-diacylimidazolidin-2-ones would occur without cnolatc decomposition, 

mcthylation ol’ 1,3-dipropionyl-tmns-4,5-reuamc~yleneimida~olidin-2-one 13 and 1.3-dipropionyl-rruns-4,5- 

diphcnylimidazolidin-2-one 14 was attempted. Under conditions analogous to those described above, both 13 

and 14 underwent clean dimcthylation to furnish respectively 15 and 16 in modcratc to good yield. The 

reaction was repeated on 13. using potassium his(trimcthylsilyl)amidc as hasc. which once again cffcctcd 

dimcthylation to give 15 in good yield (Scheme 5). 

i) MN(SiMc& 

ii) Mel 

M = Na R = -(CH,),- 13 
Ph 14 

M = K R = -(CH,),- 13 

Scheme 5 

R = -(CH,),- 15 69% 
Ph 16 82% 

R = -(<:H&- 15 87% 

Having established that dialkylation of 1.3-diacylimidazolidin-2-ones would occur in simple casc’s. attention 

was turned to alkylation reactions which would proceed with the formation of two new stcrcogcnic ccntrcs. As 

it was intended to analyse the crude products of these reactions by tH n.m.r. spectroscopy, authentic samples, 

containing a statistical distribution of all three diastercoisomers of the dialkylated product, were prcparcd via 

acylation with the requisite a-suhstituted acyl halide. The three acyl halides 18-20 wcn: prepared by standard 

methods9 and coupled with imidazolidine-2-thioncs 11 and 17 according to the protocol described previously I. 
No attempt was made to try and .separatc the three diastereoisomcrs nf the products of these six reactions 21- 

26, although the mixtures were partially character&d and all gave sutisfactory elcmcntal analyses. In all six 

cases, the diastcreoisomeric distribution of products was found to be approximately 25 : 50 : 35. a5 cxpccckxl it 

there were no molecular recognition between the components (Scheme 6). 

Each crude mixture of diastereoisomcrs 21-26 was treated with mercury (II) acetate to cffcct conversion to the 

corresponding 1,3-diacylimidazolidin-2-ones according to the procedure previously describcdt. Although 

chromatographic separation of diastcreoisomers was still not possible, the identity of all three diastcreoisomcrs 

was nchievcd due to suhsequcnt stcreoselectivc synthesis of each of the two C? symmetric diastcrcroisomers. 

This allowed the major product of thc.se dethionation reactions (the diastereoisomer without the C2 symmetry 

clcmcnt) Lo bc idcnlilied as corrc\porlding 1~ those rcsunanccs not assigned to the other two dia~tcreoisomcrs. 
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R C,H,N I DMAP 

S 

(R’)(R’)CHCOCI 

R’ = CH, 

CH3 
CH,CH, CH,Ph 20 

R = -(CH,),- 11 
Ph 17 

Scheme 6 

R = -(CH&- R’ = CH, R* = CH,CH, 21 78% 
Ph CH,CH, 22 79% 
-(CH,h- 3 

CH; 
CH,Ph 23 94% 

Ph CH2Ph 24 87% 
-(CH&- CH,CH, CH,Ph 25 85% 
Ph CH,CH, CH,Ph 26 92% 

The assignment of configuration to those diastereoisomers with C2 symmetry axes was achieved as a 

consequence of the stereoregularity of the alkylation reactions which allowed the structures of all these 

compounds to be corrclatcd to that of 35, which was assigned during tbc asymmetric synthesis of (2S)-3- 

phcnyl-2-methylpropan-1-ol 52 (vi& in@). Thus, all three diastereoisomcrs obtained in each of the six 

dethionation reactions were unambiguously identified (Scheme 7). 

R’ R’ 

0 0 

R Y + 
R’ R’ 

- N 

z 

R Y + 
: N 

k 
S 

Hg(OW2 

R -;r 
k 

0 

R N 
H 

& 

R’ H 

0 
a, 

R’ 
0 

R’ R’ 

21 R = -(CH,),- R’= CH, R” = CH,CH, 27-B 99% 
22 Ph CH,CH, 30-32 84% 
23 -(Ha),- cc? CH,Ph 33-35 84% 
24 CH; CH,Ph 36-38 83% 
25 -(CH&- CH,CH, CH,Ph 39-41 73% 

Scheme7 26 Ph CH,CH, CH,Ph 42-44 81% 

With these authentic samples now available, diasteteoselective alkylation reactions could now be attempted. It 

was found that whilst methylation occurred readily at -78°C. alkylation with benzyl bromide and ally1 bromide 

required that the reactions be warmed to -3OoC while reaction with ethyl iodide did not occur to any appreciable 

degre. even under these latter conditions. However, clean dialkylation of those 1,3-diacylimidazolidin-2-ones 

derived from trans-l,2-diaminocyclohexa was achieved in good chemical yield within the limitations already 

described (Scheme 8). 
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i) NaN(SiMe& 
* 

ii) R’X 

R’ = CH, 13 R’ = CHa 
CH,CH, 45 CHa 

R* 

RZ = CH,Ph 35 
CHaCH=CHa 47 

CH,Ph 46 CHzCH, CH,Ph 41 
CIl*CH, CII, 27 

Scheme 8 CH,Ph CH, 33 

If the diastemofacial sclcctivities of the two alkylation proccsscs occurring in thc.se reactions arc x : 1 and y : I. 

the obscrvcd distribution of the three diastereoisomers of the dialkylatcd product would he xy : (x+y) : 1. This 

cxpmssion would simplify. in the ca.sc that both reactions showed identical sclcctivitics. IO a product distribution 

of x2 : 2x : I. Thus, in this latter case, the diastcreofacial selectivity, x, could hc ohtaincd from the obscrvcd 

product distribution as the ratio of the major diastercoisomcr to the second diastemoisomer equals x/2. As, in 

those cxamplcs where all three diastcreoisomers were ohscrvcd. the product distrthution was consistent with 

both alkylation processes proccccding with identical facial stcreosclectivitics. the sclectivitics quoted in the 

following tables arc all calculated in this manner. Furthermore, in those cases whcrc the third diastcrcoisomcr 

was not rL*adily ohscrvahle, the figure quoted in parcnthcscs is the value calculated from the ratio of the othct 

two diastcrcoisomcrs. assuming that x and y arc identical (Tahlc I ). 

Table 1 Yields, product ratios and diastercofacial selcctivities for the alkylation of sodium cnolatcs 

oi I ,3-diacyl-fr~~~.s-4,5-telramerhylcneimida~olidin-2-~n~~ as a function of cnolatc suhstituent (1~‘) 

and elcctrophilc (R’X). 

* Values in parcnthcscs arc calculated #Calculated from the ratio of major to second diasterbsomer 

It is clear that whilst thcsc alkylation reactions am stemoselectivc. the magnitude of that diastercosclcctivity is 

lower than might he expected on the hasis of a direct comparison with the results obtained on the alkylation 01 

h’-acyl oxazolidinonc cnolatcs. This reduction in the Ievcl of diastereosclection could he due cithcr to the 

cyclohsxyl mcthylcnc groups hcing too small to effectively shield the en&> fact of the enolatc. or due to the 
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intermediate enolate being too free to rotate due to inefficient chelation between the enolate counterions and the 

imidazolidin-2-one carhonyl group. To test out the former hypothesis, the reactions were repeated using 1,3- 

diacylimidazolidin-2-ones derived from 1.2~diphenyl- 1 .Zdlaminoethane (Scheme 9). 

i) NaN(SiMq)z 
c 

ii) R’X 

R’ = CH3 14 
CH,CH, SO 
CHIPh 51 

Scheme 9 

R’ = CH3 R2= CH,Ph 38 

CHzCH, CH,Ph 44 
CH2CH3 30 
CH,Ph 36 

However, as may be seen in the table below. the diastereoselectivities for these reactions were slightly lower 

than were observed above. indicating that the introduction of a larger blocking group does not lead to higher 

diastereoselectivities in alkylations (Table 2). 

Table 2 Yields, product ratios and diastereofacial selectivities for the alkylation of sodium enolates 

of 1,3-diacyl-rrans-4,5-diphenylimidazolidin-2-ones as a function of enolatc substituent (R’) 

and electrophiie (R2X). 

Starting 
Material 

14 

50 

R’ 

Me 

Et 

R=X 

BnBr 

BnBr 

Mqjor 
Product 

38 

44 

Ratio of Selectivity# Yield 
PrOdUCtS 

50:41:9 71 :29 72% 

47143: 10 69 : 31 53% 

I 50 I Et 1 Me1 l 30 I 63:13:4 I 80:20 I 71% I 
I 51 I CH,Ph I Me1 I 36 I 54:39: 7 I 73: 27 I 70% I 

# Calculated from the ratio of major to second diastereoisomer 

The reduced diastcreoselectivity observed in the latter series of reactions suggested that the most likely cause of 

the rather poor diastercosclectivities was that the conformations of the two enolates were not being sufficiently 

restrained. This is probably a consequence of the imidazolidin-2-one carbonyl group being too electron poor to 

be able to chclate effectively to two metal cations. One approach that seemed to offer the possibility of 

circumventing this problem was to try and effect the reactions at lower temperature where the chelatc might be 

less prone to collapse. This would rcquirc the enolate to be more reactive, a situation that could be brought about 

by introducing a more electropositive countenon. Thus, the initial series of reactions on the 1,3-diacyl-trans- 

4.5-tetramethyleneimidazolidin-2-ones were repeated using potassium bis(trimcthylsily1) amide to effect 
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deprotonation. The increase in enolalc reactivity now even allowed alkylation with clhyl iodide to proceed, if the 

reactions wem allowed to warm to -30°C before hcing qucnchcd (Scheme IO). 

i) KN(SiMea)a 
) 

ii) R’X 

R’ = CII, 13 R’ = CH, 
CH&H1 45 CH? 
CH*Ph 46 CH, 

;2 

R2= CH,Ph 35 
CH,CH=CH, 47 

CHzCH, 29 

CH,CH, Cl-I, 27 
CH,Ph CHs 33 

Scheme 10 CH,Ph CH,CH, 39 

As may be seen in the table helow, the diastercosclectivitics of these alkylation reactions arc much higher than 

were observed in the reactions of the analogous sodium enolatcs. Indeed, in the case of the reaction of the 

potassium enolate derived from 13 with ally1 bromide, no second diastcreoisomer could bc detected in the 300 

MHz IH n.m.r. spectrum of the crude reaction product (Tahle 3). 

Table 3 Yields, product ratios and diastereofacial selcctivities for the alkylation of potassium 

enolates of 1,3-diacyl-~an.~-4,5-tc~amcthylcneimidajlidin-2-oncs as a function of enolatc 

substitucnt (R’) and clcctrophilc (R’X). 

* Values in parentheses arc calculated #Calculated from the ratio of ma.ior to second diastemoisomer 

The grcatcr lcvcls of dias~cmo.s&ction obxrved in these reactions can bc rational&d as being a consequcncc of 

alkylation occurring at lower tcmpcraturc than was possible when the sodium enolates were employed. That the 

potassium enolatcs are more reuctive is clearly demonstrati by the successful reactions they undergo with ethyl 

iodide. Presumably the lower the temperature 31 which alkylation occurs, the greater Ihe amount of the cnolate 

which exists in the desired chelated form. Thus, in these reactions with potassium enolates, the levels of 

diastereoselccm,n ohserved are approximately the same as were observed in the naxtions of lithium and sodium 

enolates derived from N-acyl oxazolidinones5. This would tend to suggest that the sternoselectivity is at a level 

which cannot hc enhanced by me structure of the chiral auxiliary hut is limited hy those variahlcs associated with 
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the electrophile, such as its steric size. For this reason the reactions were repeated on the series of 1.3 

diacylimidazolidin-2-ones derived from 1,2-diphenyl- 1,2-diaminoethane in an attempt to see whether the 

increased steric bulk of the groups shielding the endo face of the enolatc would lead to any enhancement in the 

stereoselectivity of alkylation (Scheme 11). 

i) KN(SiMe& 
* 

ii) R2X 

R’ = CH, 14 
CH,CH, 50 
CH,Ph 51 

Scheme 11 

I+ 
R’ = CH, R2 = CH,CH, 

CH, CH,Ph 
CH2CH, CHs 27 
CH,Ph CH3 36 

CH,Ph CH,CH, 42 

Surprisingly, the diastemoselectivities were even lower than were recorded for the analogous reactions with 

sodium enolates although the chemical yields were generally higher (Table 4). 

Table 4 Yields, product ratios and diastcrecfacial selectivhies for the alkylation of potassium 

enolates of 1,3-diacyl-rronr-4,5-diphcnylimidazolidin-2-onc.s as a function of cnolate 

suhstituent (R’) and electmphile (R’X). 

Starting 
Material 

14 

R’ 

Me 

R’X 

Etl 

Maior 
Product 

32 

Ratio of Selectivity# Yield 
Products 

39 : 47 : 14 63 : 37 66% 

I I4 I Me 1 BnBr 1 38 I 30:49:21! 55:45 I 79% I 

50 EI Mel 27 36:48: 16 

51 CH,Ph Me1 36 53:40:7 

51 CH,Ph Rtl 42 66:31:3 

# Calculated from the ratio of major to second diasteteoisomer 

60 : 40 80% 

72 : 28 91% 

81 : 19 56% 

Use of a phenyl group to block the endo face of each of the two enolatcs is clearly less effective, with both 

sodium and potassium enolates, than when the two blocking groups are the a-methylene groups of a cyclohexyl 

ring. It is difficult to see how a change in the nature of these substituents can greatly influence the ability of the 

imidazolidin-2-one carbonyl group to chelate the two enolate counterions and therefore it is more likciy that the 

diffcrcncc is due to stcric effects. 

The high diastereoselectivity of alkylation enjoyed by potassium enolates of I ,3-diacyl-truns-4,5- 

tetramethylencimidazolidin-2-ones suggested that these reactions could he used with homochiral starting 

materials to preparc chiral alcohols in high enantiomeric excess. Benzylation of the potassium enolate derived 
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Experimental: 

General - M.p.s were obtained on a Gallenkamp hot-stage melting point apparatus and are uncorrected. 

Elemental analyses were obtained by the Dyson Pen-ins analytical department. IR spectra were obtained as 

chloroform solutions in l.Omm cells on a Perkin-Elmer 781 instrument calibrated against polystyrene (1601 

cm-l) and for clarity only salient, characteristic peaks are noted. lH n.m.r. spectra were recorded in 

dcuteriochloroform on a Brukcr WH 300 instrument at 300.13 MHz. 13C n.m.r. spectra were recorded in 

deuteriochlorofonn on a Varian Gemini 200 instrument at 50.32 MHz. Mass spectra were obtained on a V.G. 

Micromass ZAB 1F instrument using chemical ionisation techniques. Specific rotations were obtained as 

chloroform solutions at the sodium D line using a Perkin-Elmer 241 polarimeter with values quoted in 10-l dcg 

cm2 g-l. 

All reactions were performed under an inert artmosphere of dry argon. Tetrahydrofuran was distilled from 

sodium bcnzophenone ketyl under nitrogen and dichloromethanc distilled from calcium hydride under nitrogen. 

Dibutylboron triflatc was used as a 1 .O mol dm-3 solution in dichloromcthane (as purchased) or was redistilled 

and used as a 0.8 - 1.2 mol dm-3 solution in dichloromethane. Triethylborane was used as a 1.0 mol dm-3 

solution in hcxane. Zinc was acid-washed prior to use and other reagents were used as received or were purified 

by standard mcthods12. Flash chromatography was performed on silica gel (43-60 pm) under positive prcssurc. 

Cy-Ca refers to the methylene group of the cyclohcxyl ring a- to the bridgehead, Cy-Cb refers to that p- to the 

bridgehead. 

Merhylation of 1,3-Dipropionyl-trans-4,5-terramethyleneimida~~l~dine-2-~hiune 6 ru give 7 - 10 - Sodium 

bis(trimethylsilyl)amide (3.0ml. 3.OOmmol) was added to a solution of 1,3-dipropionyl-trans-4,5- 

tetramethylcneimidazolidinc-2-thionc 6 (268mg, l.OOmmol) in THF at -78OC with stirring for 1 h, during 

which time the solution became somewhat tumid. Methyl iodide (0.3m1, excess) was added and the reaction 

allowed to stir at -78°C for a further 2 h before being quenched hy addition of saturated aqueous ammonium 

chloride solution (2ml). After warming to ambient temperature, the volatiles were removed in vacua and the 

resulting residue triturated with dichloromethane (3xlOml). The combined organic layers were dried over 

MgSO4 and evaporated to give a beige solid. Chromatography on silica gel gave an in.separable mixture of 7 and 

8 with dichloromethanc as clucnt (92mg, 40%). Major diastereoisomcr 7, vmax (CHClg)/cm-t 1699 (N-CO), 

1456 (N-CS-N) and 1328 (N-CS-N); 611 (300 MHz, CDCl3) 7.01 (lH, hs, NH), 3.60, 3.22 (2H. dt, J 11.2, 

3.1 Hz, CHN), 3.55, 3.W (2H. ABX3 system, JAB 17.3 Hz. JAX 7.3 Hz, JBX 7.3 Hz, COC&). 2.65 (lH, 

m. Cy-Ca). 1.88 (2H. m, Cy-Ca), 1.55-1.22 (5H, m, Cy-Ca (IH). Cy-Cp) and 1.18 (3H. t, J 7.4 Hz, 

CH2QL.3); 6~ (50 MHz, CDCl3) 181.5, 179.2. 67.4, 60.8, 32.4, 28.7, 28.5, 24.0, 23.9, and 8.9; m/z 213 

(MH+, 100%); exact mass calcd 212.0983. found 212.0986. Minor diastereoisomcr 8, v,,, (CHClg)/cm-1 

1699 (N-CO). 1456 (N-CS-N) and 1328 (N-CS-N); &H (300 MHz, CDCl3) 7.01 (lH, bs, NY), 4.51 (lH, 

septet, J 6.9 Hz, CGCH), 3.59, 3.23 (2H, dt. J 11.2, 3.1 Hz, CfLN), 2.80 (lH, m, Cy-Cn), 2.10 (2H, m, 

Cy-Ca), 1.55-1.22 (5H. m, Cy-Cal (lH), Cy-C$), 1.20 (3H. d, J 6.6 Hz, CHC&,) and 1.19 (3H, d, J 6.6 

Hz, CHC&); 6~ (50 MHz, CDC13) 181.5. 179.2, 67.8, 60.8, 35.2, 29.1, 28.7, 24.0, 23.9, 20.8 and 17.4; 

m/z 227 (MH+, 100%); exact mass calcd 226.1140, found 226.1139. Elution with ethyl acetate gave a second 

fraction containing 9 and 10 which could not be separated (72 mg, 33%). Major diastercoisomer 9, vmax 

(CHCl$/cm-1 1675 (N-CO) and 1540 N-CS-N); 8~ (300 MHz, CDC13) 3.35, 3.23 (2H. dt, J 11.1, 3.0 Hz, 

CHN), 2.56 (IH, m, Cy-Ca). 2.45 (2H. m, UK&), 2.41 (3H, s. SC&), 2.36 (lH, m. Cy-Cn). 1.93-1.35 

(6H. m, Cy-C, (2H). Cy-CB (4H)). 1.17 (3H, t. J 7.3 Hz, CH2C&); t3C n.m.r. 8~ 173.9, 162.4, 72.5, 
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68.0. 31.3. 30.8. 29.6. 24.9, 24.7, 15.1 and 8.3; m/z 227 (MH+. l(K)%). Minor diasteteoisomcr IO. 611 (300 

MHz. CDCl?) 3.34. 3.23 (2H. m, CHN), 2.87 (IH, septet, J 7.0 Hz. CH(CHQ2). 2.42 (3H, S, SCl-&), 2.36 

(2H. m. CY-Ca), 1.91 (2H. m, Cy-Cu). 1.62-1.35 (4H, m, Cy-CS), 1.18 (3H. d, J 7.0 Hz, CH(CH3)2) and 

1.17 (3H. d, J 7.0 Hz, CH(CkW); &:(SO MHz, CK13) 173.9, 162.4, 72.4, 68.3, 33.5, 31.2, 30.8, 24.9, 

24.7, 19.0 and 15.1; m/z 241 (MH+, l(lO%). 

I-Propionyl-2-thiomethoxy-trans-4,5_rerrzole Yfrom 12 - Treatment of 2- 

thiomethoxy-trans-4,5-tetramerhylene-4,5-dihydr~imida~olc 12 (5lOmg. 3.OOmmol) with pyridine (0.5ml, 

6.27mmol) and propionyl chloride (0.6ml. 69Ommol) in dichloromethanc (15ml) gave a beige solid, after 

extended stirring (15 h) and work-up. Chromatography on silica gel (cluting with ethyl acetate) gave Y as a 

white crystalline solid (433mg. 64%). The spectroscopic data recorded on this sample agreed with that obtained 

above. rnp. 8385°C (Found; C, 5X.7; H, S.O5;N, 12.5. Cl tHlaN20S requires C, 58.4; H, 8.0; N, 12.4%). 

1,3-Di-i-propyf-tnns-4,5-tetrumethyfeneimidazo~idia-2-one 15 - Sodium his(trimethylsilyl)amide (3.Oml of a 

l.OM solution in THF, 3.OOmmol) was added dropwise to a THF solution of l,3-dipropionyl-trans-4.5- 

tetramethyleneimidazolidin-2-one 13 (252mg. I.(Klmmol) at -78°C with stirring (-78°C. 1 h). Methyl iodide 

(0.3ml. excess) was added and the reaction stirred at -78°C for 3 h before being allowed to warm to -WC over 

1 h. The reaction was quenched by addition of an aqueous pH 7 phosphate buffer solution (Iml), the volatiles 

were removed in vacua and the rcsiduc triturated with dichloromcthane (3xlOml). The combined organic layers 

were dried over MgSO4 and evaporated in vacua 10 give a cream solid. Chromatography on silica gel with 

dicbloromethane as eluent gave 15 as a white solid (193mg. 69%). m.p_ I IS-l2WC (Found: C. 64.6; H, 8.6; 

hi, IO. 1. Cl sH24N201 requires C, 64.3; H, 8.6; N, 10.0%); vmax 1742 (N-CO-N) and 1698 (N-CO); 611 (300 

MHz. CDCl3) 3.68 (2H, septet. J 6.8 Hz, COCm, 3.41 (2H. m, CHN), 2.83 (2H. m, Cy-Co), I.88 (2H, m, 

Cy-Cu), 1.49-1.26 (411. m, Cy-Cp), 1.19 (3H, d, J 6.9 Hz, CHC&) and I.18 (3H, d. J 6.7 Hz, CHCH3); 

6~ (50 MHz, CDCl3) 181.0 151.5, 60.4, 34.5, 28.6, 24.2, 20.1 and 17.7; m/z 281 (MH+, 100%). 

Enolisation of 13 (252mg. l.(K)mmol) with potassium his(trimethylsilyl)amide (5.2ml. 3.9Ommol), followed 

by addition of methyl iodide (0.4ml. excess) with stirring (-78’C. 3 h) gave 15 after work-up and 

chromatography (245mg. 87%). 

I,3-Di-i-propyl-tr~ns-4,5-diphenylimida~olidin-2-ane 16 - In a manner analogous to the synthesis of 15, 

treatment of 1,3-dipropionyl-~r~n.~-4,5-diphenylimidazolidin-2-c~n~ 14 (35Omg. I .OOmmol) with sodium 

bis(trimethylsilyl)amide (3.Oml of a I .OM solution in THF, 3.OOmmol) and methyl iodide (0.2mI. excess) at 

-78°C followed by warming to -30°C gave a clear oil. Chromatography on silica gel with dichloromethane as 

eluent gave I6 as a clear oil which slowly solidified (3lOmg. 82%). (Found; C, 72.9; H. 7.2; N, 7.2. 

C23H26N203 requires C, 73.0; H, 6.9; N, 7.4%); vmax (CHCl#m-l 1748 (N-CO-N) and 1698 (N-CO); 611 

(3(k) MHz. CDCl3) 7.43-7.34 (6H, m, Ph), 7.28-7.23 (4H, m, Ph), 5.15 (2H, br s, PhCm, 3.91 (2H. septet, 

J 6.9 Hz, COCH). 1.22 (3H, d. J 6.9 Hz, CHC&) and I.21 (3H, d, J 6.9 Hz, CHC&); 6~ (50 MHz. 

CDCl3) 177.7. 151.6, 14o.l. 129.4. 12X.7. 125.1, 62.4, 33.5, 18.9 and 18.5; m/~ 379 (Ml-l+, 100%). 

I,3-Di(2-methylhutar~~~_vl)-trans-4.5_rPlr~~~ii~~in~~-2-thion~ 21 - Tcr a wlurion UC trcuu-4,5- 

tetramethylcneimidazolidinc-2-thione 11 (XOomg, 5.12mmol) in dichloromethane (20ml) 81 ambient tcmpcraturc 

was added 4-(dimethylamino)pyridinc (-Smg. cat) and pyridinc (1.0lmI. 12.5mmol). The reaction was allowed 
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to stir for 5 min before cautious addition of 2-methylbutanoyl chloride 18 (I .8Og, 14.9mmol) which caused an 

exothennic reaction bringing Lhe reaction to I&IX. The reaction was allowed to stir al ambient tcmperalurt: for 

12 h before the reaction was quenched by addition of water (20ml). The organic layer was separated and the 

combined organic layers dried over MgS04 before being evaporated in wcuo to give a beige solid. 

Chromatography on silica gel with dichloromethane as eluent gave a 25:50:25 mixture of the three 

diastcreoisomers of 21 as a white crystalline solid (1.3Og. 78%). Although chromatographic separation of 

diastercoisomers was not possible, the mixture was charactcrised, m.p. 76-78T (Found; C, 62.8; H, 8.75; N, 

8.6. CI$I28N202S requires C, 62.9; H, 8.7; N, 8.6%); v max (CHClg)/cm-* 1703 (N-CO), 1456 (N-CS-N) 

and 1328 (N-CS-N); 611 (300 MHz, CDC13) 4.16-4.03 (2H, m, COCm, 3.51 (2H, m. CYN), 2.54 (2H, m, 

Cy-Ca). 1.89 (2H, m, Cy-C&, 1.95-1.69 (2H. m, C&CH3), 1.58-1.41 (6H, m, Cy-Cp, CfI2CH3). 1.23- 

1.15 (6H, d, J 7.0 Hz, CHC&) and 0.99-0.91 (6H, f J 7.4 Hz. CH2Ca); 6~ (50 MHz, CDCl3) 182.5, 

180.9, 63.9-63.8, 43.2-42.9, 28.0-24.0. 28.6, 24.1. 18.1-15.0 and 11.2; m/z 325 (MH+, 100%). 

I,3-Di(2-methylbutanoyl)-trans-4,5-diphenylimidazolidine-2-thione 22 - In a manner analogous to that 

descrhed for the synthesis of 21 from 11, treatment of rrans-4,5-dlphenylimidazolidine-2-thione 17 (75omg. 

2.Y5mmol) with pyridine (0.60ml. 7.45mmol) and 2-methylbutanoyl chloride 18 (l.Oml, 8.29mmol) in 

dichloromethane (IOml), with 4-(dimethylamino)pyridine as catalyst, gave a brown oil after work-up. 

Chromatography on silica gel with dichloromethane as eluent gave a 25:50:25 mixture of the three 

diastereoisomers of 22 as a yellow oil (972mg, 79%). Although chromatographic separation of 

diastereoisomers was not possible. the mixture was character&d, (Found; C. 71.0; H, 7.5; N, 6.4. 

C~SH~ON~O~S requires C, 71.1; H. 7.2; N, 6.6%); vmax (CHCl+m-1 1692 (N-CO), 1351 (N-CS-N) and 

700 (Ph:C-H); 8~ (300 MHz, CDCl3) 7.43-7.32 (lOH, m, Ph), 5.37-5.27 (2H. s, PhCH), 4.61-4.44 (2H. m. 

COCH), 1.88-1.71 (2H, m, C&CH3). 1.52-1.34 (2H, m, C&CH3), 1.20-1.13 (6H, d, J 6.8 Hz, CHC&) 

and 0.94-0.76 (6H, t, J 7.4 IIz, CIIzC&); & (50 MIIz, CDCI3) 180.5, 179.3-177.5, 140.7-139.6, 129.4, 

128.9-128.5 , 125.8-125.1. 67.4-66.9, 40.9-40.2, 27.1-26.5, 16.6-15.9 and 11.4-I 1.1; m/z 423 (MH+, 

100%). 

1 ,3-Di~3-phenyf-2-me~hylpropionyl~-trans-4,5-~e~rame~hyleneimida~olidine-2-~hione 23 - In a manner 

analogous 10 that described for the synthesis of 21 from 11, treatment of rrans-4.5~tctramethyleneimidazolidine- 

2-thione 11 (Whng, 5.12mmol) with pyridine (l.Oml. 12.5mmol) and 3-phenyl-2-methylpropionyl chloride 

19 (2.6Og. 14.2mmol) in dichloromethane (20ml). with 4-(dimethylamino)pyridine as catalyst. gave. after 

work-up, a 25:50:25 mixture of the three diastereoisomers of 23 as a white crystalline solid (1.61g. 94%). 

Although chromatographic separation of diastereoisomers was not possible. the mixture was partially 

charactcriscd. (Found; C, 72.25; H. 7.3; N, 6.3. C27H~N202S requires C. 72.3; H, 7.2; N, 6.2%); Vmax 

(CHClg)/cm-l 1701 (N-CO), 1451 (N-CS-N) and 1327 (N-CS-N); 611 (300 MHz, CDCl3) 7.32-7.15 (lOH, m, 

Ph), 4.57-4.43 (2H, m, C0Qi.L 3.52-3.07 (2H. m, CflN), 2.99-2.59 (4H. m, PhC&), 2.56-2.12 (2H, m, 

Cy-C&, 1.91-1.72 (2H, m, Cy-Cu), 1.52-1.22 (4H, m, Cy-Cp) and 1.33-1.06 (6H, d, J 7.0 Hz, C&); 6c: 

(50 MHz. CDC13) 182.1, 139.7-138, 129.5-129.2, 128.4, 126.3, 64.3-63.7, 43.3, 42.1-37.4, 27.9-27.3, 

24.0-23.8 and 17.8-16.3; m/z 449 (MH+. 100%). 

1,3-Di(3-phenyl-2-methylpropionylJ-~~-4,5-~phenylimi~~lid~e-2-~h~ne 24 - In a manner analogous to 

that described for the synthesis of 21 from 11, treatment of trans-4,5-diphenylimidazolidine-2-thione 17 
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(1 .OOg. 6.4Ommol) with pyridinc (I .Oml, 12.5mmol) and 3-phenyl-2-methylpropionyl chloride 19 (2.36g. 

12.Ymmol) in dichloromcthane (25ml). with 4-(dimcthylamino)pyridine as catalyst, gave a brown oil after 

work-up. Chromatography on silica gel with dichloromethane as eluent gave a 25:50:25 mixture of the three 

diastereoisomcrs of 24 as a colourless oil (1.77g, 87%). Although chromatographic separation 01 

diastcreoisomcrs was not possible, the mixture was partially character&d, (Found; C, 77. I; H, 6.6. 

CqsHq4N202S requires C, 76.9: H, 6.3%); vmax (CHCI?)/cm-t 16Y3 (N-CO). 1496 (N-CS-N) and 1351 (N- 

CS-N): tH n.m.r. 6tt (300 MHz. CDCl3) 7.42-6.93 (2OH, m, Ph), 5.2%5.1’) (2H. s, PhCH), 5.05-4.88 (2H. 

m. COCW, 3.27-2.37 (4H, m, PhC&) and l.23- 1.07 (6H. d. J 6.8 Hz, C&); 6~ (50 MHz, CDCl3) 182. I. 

!78.7-178.5. 139.6-13Y.2, 129.4-129.1, 128.5. 126.1-125.5, 67.0-66.8. 41.4-40.8, 39.X-38.0 and l7.2- 

16.3; m/z 547 (MH+. IOO%). 

1,3-Dif2-henz.ylhutanovl/-trans-4,5-retrumerh~v~en~~mi~z~~idin~-2-fhi~~e 25 - In a manner analogous to that 

dcscribcd for the synthesis of 21 from 11, treatment of rrans-4,5-tctramethyltmcimidazolidinc-2-thionc I I 

(8oOmg, 5.12mmol) with pyridine (l.Oml, 12.5mmol) and 2-benzylbutanoyl chloride 20 (3.00g. l53mmol) in 

dichloromcthane (25ml). with 4-(dimethylamino)pyridine as catalyst. gave a yellow oil after work-up. 

Chromatography on silica gel with dichloromethane as elucnt gave a 25:50:25 mixture of the three 

diastcreoisomers of 25 as a white crystalline solid (2.09g. ttS%). Although chromatographic separation of 

diastcrcoisomers was not possible, the mixture was partially charactcrised, (Found; C, 73.0; I I, 7.85; N. 6. I. 

C~JII~~N~O~S requires C, 73.3; H. 7.6; N. 5.9); vmax (CHC13)lcrnt 1700 (N-CO) and 1327 (N-CS-N); 611 _ 

(300 MHz. CDCl3) 7.36-7.13 (IOH, m, Ph), 4.65-4.41 (2H, m. COCH), 3.71-2.9 I (2H. m. CHN), 3.02- 

2.55 (4H. m. PhC&). 2.53-2.0’) (2H. m. Cy-Cu), 1.94-1.72 (2H. m, Cy-Ca), 1.76-1.50 (4H, m, 

CbCH3). l.54- 1.30 (4J1, m, Cy-Cp) and 1.14-0.73 (6H, t, J 6.8 Hz. CH3); 6~. (50 MHz, CDCI?) 18 1.4, 

178.0. 13Y.8, 129.5. 12X.4, 126.3. 64.2, 49.6, 35.X. 28.3, 25.5, 24.1 and 10.9; m/z 477 (MH+, lOo’%). 

I.3-Di(2-henzylhutnnoyl)-~rans-4,5-diphenylimidazolidine-2-rhionP 26 - In a manner analogous to that 

described for the synthesis of 21 from 11, treatment of rruns-4.5.diphcnylimidarolidine-2-thione 17 (8Oomg. 

3.15mmol) with pyridine (0.6ml. 7.45mmol) and 2-bcnzylhutanoyl chloride 20 (I .3Og, 6.6 I mmol) in 

dichloromethane (25ml), with 4-(dimethylamino)pyridine as catalyst, gave a yellow oil after work-up. 

Chromatography on silica gel with dichloromethane as eluent gave a 25:50:25 mixture of the three 

diastcrcoisomcrs of 26 as a colourless oil (1.66g. 92%). Although chromatographic separation of 

diastcreoisomers was not possible, the mixture was partially charactcrised, (Found; C, 77.5; H, 7.1. 

C37H3gN202S requires C, 77.3; H, 6.7%): v,ax (CHCl$/cm-* I691 (N-CO), 1496 (N-CS-N) and 1351 (N- 

CS-N); 6tt (300 MHz, CDCI3) 7.41-6.91 (20H. m, Ph), 5.29-5.20 (2H. s, PhCH), 5.07-4.94 (2H. m. 

COCH). 3.27-2.55 (4H. m, PhCfi2). 1.95-1.44 (4H, m, CbCH3) and 0.93-0.70 (6H, d. J 7.3 H7. Cl&); + 

(50 MHz, CDCI$ 181.3, 1782177.7 , l39.Yl3Y.1, l2Y.4.129.1. 128.5, 126.4-125.0, 67.4-66.4, 47.5- 

47. I, 37.6-37. I, 25.0-24.6 and I l.5- 10.8; m/z 575 (MH+, 100%). 

I,~-~i(2-methylbutanoyl)-trans-4,S-terramethyleneimidazolidin-2-~ne 28 - To a solution of the t&c 

diastereoisomcrs of 1,3-di(2-mcthylhutanoyl)-rrans-4,5-~tram~thy~cne-imida~o~idinc-2-thi~~nc 21 (3OImg. 

0.93mmol) in dichloromethane (15ml) at ambient temperature was added mercury (II) acetate (415mg. 

1.3Ommol). The reaction was allowed to stir for 12h before being filtered through celite (washed with 

dichloromcthane) and then stirred with fresh mercury (II) acetate (135mg. 0.42mmol). At the end of this ~second 
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period, the reaction mixture was filtered through celite, dried over MgS04 and evaporated down to a cream 

solid. Chromatography on silica gel with dichloromethane as eluent gave a 25:50:25 mixture of the three 

diastereoisomers 27-29 as a white crystalline solid (284mg. 99%). m.p. 95-97T (Found; C, 66.3; H, 9.5; N. 

9.4. C17H28N203 requires C, 66.2; H, 9.15; N, 9.1%). Major diastereoisomer 28 (by difference 

sPectroscopy), Vmax (CHCWcm-l 1742 (N-CO-N) and 1696 (N-CO); 611 (300 MHZ. CDC13) 3.55 (2H, m, 

COCHL 3.40 (2H. m, CHN). 2.83 (2H, m. Cy-Cu). 1.88 (2H, m. Cy-C&. 1.83-1.64 (2H. m, C&CH3), 

l-59-1.37 (2H. m, CH2CH3). 1.52-1.26 (4H. m. Cy-Cp), 1.17 (3H, d. J 7.0 Hz, CHC&). 1.16 (3H. d, J 

6.7 Hz, CHC%), 0.96 (3H, t, J 7.4 Hz, CH2CtL3) and 0.89 (3H, t. J 7.4 Hz, CHzCLL3); 6~ (50 MHz, 

CDC13) 180.4. 149.4. 60.4, 60.3. 41.1, 41.0, 28.5, 27.7. 25.3, 24.2, 17.8, 15.3. 11.5 and 11.1; m/z 309 

(MH+, 100%). 

1,3-Di(2-me~hylbutanoyl)-trans-4,5-diphenylimidazolidin-2-one 31- In an analogous manner to that described 

above for the synthesis of 27-29 from 21, treatment of the 25:50:25 mixture of the three diastereoisomers of 

1,3-di(2-methylbu~oyl)-rrans-4.5-diphcnylimidazolidinc-2-thione 22 (94Omg, 2.22mmol) with two batches 

of mercury (II) acetate (75Omg. 2.35mmol and 3OOmg, 0.94mmol) in dichloromethanc (2x25ml) gave an 

orange oil. Chromatography on silica gel with dichloromethane as eluent gave a 25:50:25 mixture of -30-32 as a 

yellow oil (756mg. 84%). (Found; C, 73.4; H, 7.3; N. 6.5. C25H3oN203 requires C, 73.85; II, 7.4; N, 

6.9%). Major diastereoisomer 31 (by difference spectroscopy), vmax (CHCl$/cm-’ 1734 (N-CO-N) and 1687 

(N-CO); 8~ (300 MHz. CDCI3) 7.43-7.31 (6H, m, Ph), 7.26-7.23 (4H. m. Ph), 5.15 (2H. br s, PhCm, 3.80 

(2H, m, COCH), 1.83-1.73 (2H, m, C&CH3), 1.54-1.41 (2H, m, C&CH3). 1.19 (3H, d, J 6.8 Hz, 

CHC&). 1.18 (3H, d, J 6.8 Hz, CHC&). 0.94 (3H, t, J 7.4 Hz, CHzC&) and 0.84 (3H. t. J 7.4 Hz, 

CHzC&); & (50 MHz. CDC13) 177.5. 177.3, 151.8, 140.2, 140.1. 129.4, 128.7, 125.3, 125.1, 62.4, 40.1, 

39.8, 26.4, 26.3, 16.5, 16.0, 11.5 and 11.1; m/z407 (MH+, 100%). 

I,3-Di(3-phenyl-2-merhylpropionyl)-~~s-4,S-~e~r~e~hylenei~~zolid;n-2-one 34 - In an analogous manner 

to that described ahove for the synthesis of 27-29 from 21, trentment of the 25:50:25 mixture of the three 

diastereoisomers of 1,3-di(3-phenyl-2-methylpropionyl)-~u~-4,5-~~ame~ylcneimid~o~idinc-2-thionc 23 

(50lmg, 1.12mmol) with two batches of mercury (II) acetate (5OOmg. 1.57mmol and 22Omg, 0.69mmol) in 

dichloromethane (2x25ml) gave a white solid. Chromatography on silica gel with dichloromethane as eluent 

gave II 25:50:25 mixture of 33-35 as a white crystalline solid (408mg. 84%); m.p. 97.99T (Found; C. 74.9; 

H, 7.8; N, 6.4. C27H~N203 requires C. 75.0; H. 7.5; N, 6.5%). Major diastereoisomer 34 (hy difference 

spectro.scopY), v, (CHClg)/cm-1 1743 (N-CO-N) and 1697 (N-CO); 8~ (300 MHz, CDC13) 7.31-7.14 (lOH, 

m, Ph), 4.01-3.88 (2H, m, COCH), 3.28, 3.02 (2H, dt, J 12.0, 2.8 Hz, CfLN), 3.16, 2.57 (2H, ABX 

system, JAB 13.6 Hz, Jm 6.1 Hz, JBX 8.5 Hz, PhCm), 2.91, 2.76 (2H, ABX system, JAB 13.4 Hz, JAX 5.9 

Hz, JsX 8.4 Hz, PhCflz). 2.75 (lH, m, Cy-Ccr), 2.68 (lH, m, Cy-Ca), 1.81 (2H. m, Cy-C&, 1.56-1.24 

(3H, m, Cy-C@. 1.22 (3H, d, J 6.7 Hz, CHC&), 1.14 (3H. d, J 7.0 Hz. CHC&) and 1.01-0.89 (1H. m. 

Cy-Cp); 8~ (50 MHz, CDCl3) 179.7, 179.4. 153.9, 139.9. 139.3, 129.5, 129.3. 128.4, 128.3, 126.5, 126.3. 

60.3. 41.5, 41.4, 41.2. 38.4, 28.5, 28.0, 24.1, 17.6 and 16.0; m/z 433 (MH+, 100%). 

1,3-Di(3-phenyl-2-methylpropionyl)-4,5-trons-diphenylimidazolidin-2-one 37 - In an analogous manner to that 

described above for the synthesis of 27-29 from 21, treatment of the 25:50:25 mixture of the three 

diastereoisomers of 1 ,3-di(3-phenyl-2-metylpropionyl)-~~~-4,5-~phenylimida~lidine-2-~ione 24 (1.75g. 
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3.2Ommol) with two batches of mercury (Ii) acetate (l.OOg, 3.14mmol and 250mg. 0.78mmol) in 

dichloromethane (2x3Oml) gave a yellow oil. Chromatography through a short plug of silica gel (eking with 

dichloromethane) gave a 25:50:25 mixture of 36-38 as a clear oil (1.4Og. 83%). (Found; C, 79.0; H, 6.7; N. 

5.0. C?SH~~N~O~ rcquircs C. 79.2; H, 6.5; N. 5.3%). Major diastereoisomer 37 (by difference spectroscopy), 

vmax (CHCl$/cm-1 1734 (N-CO-N) and 1689 (N-CO); 611 (300 MHz. CDC13) 7.40-7.17 (16H. m, Ph), 7.09- 

6.86 (4H, m. Ph), 5.07. 5.05 (2H, AB system, JAB 1.7 Hz, PhCK), 4.30-4.22 (2H. m, COCH), 3.12, 2.71 

(211, ABX system. JAB 13.4 Ilz, Jm 5.3 11~. JBX 8.1 11~. PhC&), 3.08, 2.53 (2H. ABX system, JAB 13.3 

Hz, JAM, 6.5 Hz, JBX 8.0 Hz., PhC&). 1.22 (3H. d, J 6.8 Hz, CHC&) and 1.16 (3H, d, J 6.8 HL, CHC&); 

6~ (50 MHz, CDCl$ 176.7-, 176.6, 151.6, 139.9, 139.7, 139.5, 139.3, 129.4, 128.6, 126.4. 125.3, 125.0, 

62.4, 62.2, 40.4, 40.3, 39.6, 39.2, 17.0 and 16.2; m/z 531 (MH+, IoO%). 

I,3-Di~2-benzylbutanoyl)-trans-4,5_relrn-2-one 40 - In an analogous manner to that 

described ahovc for the synthesis of 27-29 from 21, treatment of the 25:50:25 mixture of the three 

diastereoisomers of l,3-di(2-benzylbutanoyl)-trans-4,S-tctramethyIencimida~olidine-2-thionc 25 (2.OOg. 

4.2Ommol) with two batches of mercury (II) acetate (2.2Og, 6.9Ommol and 75Omg. 2.35mmol) in 

dichloromcthanc (2x3Oml) gave a yellow oil. Chromatography on silica gel with dichloromethane as eluent gave 

a 25:50:25 mixture of 39-41 as a white crystalline solid (1.4&, 73%). An analytical sample was prepared by 

rccrystallisation from ethanol. (Found; C. 76.0; H, 7.9; N 5.9. C29H36N203 requires C, 75.6; H. 7.9; N, 

6.1%). Major diastereoisomcr 40 (by difference spectroscopy). v n,ax (CHCl$/cm-1 1748 (N-CO-N) and 1693 

(N-CO); 61.1 (300 MHz, CDCI3) 7.32-7.09 (10H. m, Ph), 3.96 (2H. m, COCH), 3.23, 2.87 (2H. dt, J Il.1 

Hz. 2.8 H7, CHN). 3.1 I. 2.64 (2H. ARX system. JAB 13.5 Hz, JI\X 6.7 Hz. JBX 7.9 Hz. PhCHz). 2.89. 

2.76 (2H. ABX system, JAB 13.5 Hz, JAX 5.8 Hz, JBX 9.7 Hz, PhC&). 2.76-2.56 (2H, m, Cy-Ca), 1.7X 

(2H, m, Cy-C&, 1.91-1.52 (4H, m, C&CH$, 1.48-1.23 (411, m, Cy-Cp), I.02 (311. d, J 7.4 11~. CHCl&) 

and 0.93 (3H, d, J 7.4 117, CHCI&); 6~. (50 MHL, CDCl3) 178.7, 153.1). 139.7, 139.3. 12Y.5. 12Y.2, 129.0, 

128.3, 126.5, 126.2, 60.3, 60.1. 47.8, 39.8, 36.4, 28.4, 27.9, 25.2, 24.5, 24.4, 24.0, 11.5 and 11.4; mlz 

461 (MH+, 100%). 

1.3-Di~2-benzylbur~ynoyl)_Lrans-4,5-diphenylimi~zalid~n-2-ane 43 - In an analogous manner IO that dcscrikd 

above for the synthesis of 27-29 from 21, treatment of the 25:50:25 mixture of the three diastercoisomcrs of 

1.3-di(2-hc~~zylhutanoyl)-trcms-4,5-diphcnyl-imida~olidine-2-~ionc 26 (1.66g. 2.89mmol) with two hatches of 

mercury (II) acetate ( I .OOg, 3.14mmol and 35Omg, I _ IOmmol) in dichloromethane (2x30ml) gave a yellow oil. 

Chromatography on silica gel with dichloromethane as clucnt gave a 25:50:25 mixture of 42-44 as a pale 

yellow oil (1.31 g, Xl%). (Found C. 7Y.5: H, 7.1; N, 5.0. C35H34N203 requires C, 79.5; H. 6.9; N. 5.0%). 

Major diastcrcoisomcr 43 (by diffcrcncc spectroscopy), v n,ax (CHCl$/cm-1 1747 (N-CO-N) and 16Y4 (N-CO); 

&I (300 MHz, CDCl3) 7.41-7.17 (16H. m, Ph), 6.89-6.65 (4H. m, Ph:H,nho). 5.01. 4.98 (2H, AB system, 

JAD 1.7 HZ. PhCH), 4.3’) (2H. m, COCH), 2.95, 2.63 (2H. ABX system. JAB 13.4 Hz, JAX 6.8 Hz. JQX 9.6 

HZ. PhCHz), 2.92, 2.78 (2H. ABX system, JAB 13.4 Hz, JAX 5.X Hz. Jnx 7.7 Hz. PhC&), 1.76-1.53 (4H. 

m. C&ClI3), 0.92 (3H, d, J 7.4 Hz, CH2CH3) and 0.86 (3H, d, J 7.4 Hz, CH2Ca); 6~ (50 MHz, CDCI3) 

176.5. 176.3, 151.6, 140.3, 13Y.7. 139.5, 139.3, 129.3. 12X.5. 126.3, 125.3. 125.1, 62.2, 62.1, 46.X. 

46.7. 3X.4, 3X.2, 25.7, 25.6, II.5 and 11.4; m/z 559 (MH+, 100%). 
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1.3-Dif3-phenyl-2-methylpropionyl)-uans-4,5-tetramerhyleneimidazolidin-2-one 35 - Teatment of 1,3- 

dipropionyl-~rans-4.5-tetramethyleneimidazolidin-2-one 13 (252mg. l.OOmmol) with sodium 

bis(trimethylsilyl)amide (LOml, 3.Wmmol) at -78’C. followed by stirring (-78°C. 1 h), addition of benzyl 

bromide (515mg. 3.OOmmol) and further stirring (-78oC, 2 h; -78’C warming to -3OoC. 3 h) gave a cream solid 

after quenching and work-up. Chromamgraphy on silica gel with dichloromethane as cluent gave a 3:30:67 

mixture of 33-35 as a white solid (334mg, 77%). Major diastereoisomer 35, m.p. 76-77’C (Found C, 74.9; 

H, 7.5; N, 6.5. C27lI32N203 requites C, 75.0; H, 7.5; N, 6.5%); vmax (CHCl#m-* 1743 (N-CO-N) and 

1697 (N-CO); 611 (300 MHz, CDCl3) 7.31-7.14 (lOH, m, Ph), 3.92 (2H, sextet. J 6.8 Hz, COCH), 2.98 (2H, 

m. CHN). 2.93, 2.74 (4H, ABX system, JAB 13.3 Hz, Jm 8.4 Hz, JBX 6.7 Hz, PhC&), 2.65 (2H, m. Cy- 

C,), 1.76 (2H, m, Cy-Cm). 1.41-1.24 (4H, m, Cy-Cp) and 1.21 (6H, d, J 6.7 Hz, CHC&); 6~ (50 MHz, 

CDC13) 179.3, 154.1, 139.3, 129.3, 128.3, 126.5. 60.5, 41.6, 41.2, 28.0, 24.1 and 16.1; m/z 433 (MH+, 

100%). 

Enolisation of 13 (252mg. l.OOrnmol) with potassium bis(trimethylsilyl)amide (5.2ml. 3.mmol). followed by 

addition of bcnzyl bromide (685mg, 4.Ommol) with stirring (-78’C, 2 h; -78°C warming to -3O”C, 3 h) gave, 

after work-up, a 0:5:95 mixture of the diastereoisomers 33-35 (31 lmg, 72%). 

I,3-Di(3-phenyl-2-methylpropionylJ-~~~,5-diphenylimidozolidin-2-one 38 - Treatment of 1.3~dipropionyl- 

rruns-4.5-diphenylimidazolidin-Zone 14 (350mg. l.OOmmol) with sodium bis(trimetbylsilyl)aide (4.Om1, 

4.OOmmol) at -78’C. followed by stirring (-78”C, 1 h), addition of bcnzyl bromide (685mg. 4.oOmmol) and 

further stirring (-78’C, 2 h; -78°C warming to -30°C. 3 h) gave a cream solid after quenching and work-up. 

Chromatography on silica gel with dichloromethane as eluent gave a 9:4lS mixture of 36-38 as a white solid 

(382mg. 72%). Major diastercoisomer 38. v - (CHCl#cm-1 1734 (N-CO-N) and 1689 (N-CO); 8~ (300 

MHz, CDC13) 7.40-7.17 (16H. m. Ph), 7.09 (4H, m, Ph), 5.13 (2H, s. PhCH), 4.25 (2H, m, COCH), 3.15, 

2.56 (4H, ABX system, JAB 13.3 Hz, Ja 6.5 Hz, JBX 7.9 Hz, PhC&) and 1.17 (3H. d. J 6.8 HZ, CHCH$; 

8~ (SO MHz, CDCI3) 176.8. 151.7, 139.9, 139.3, 129.5, 129.0, 128.5, 126.5, 125.3. 62.5, 40.4, 39.5 and 

16.5; m/z 531 (MH+. 100%). 

Enolisation of 14 (175mg. O.SOmmol) with potassium bis(trimethylsilyl)amide (4.Oml. 2.00mmol). followed 

by addition of henzyl bromide (345mg. 2.OOmmol) with stirring (-78OC, 2 h; -78“C warming to -30°C. 3 h) 

gave, after work-up, a 21:49:30 mixture of the diastercoisomers 36-38 (210mg, 79%). 

1,3-Di(2-methylpent-4-enoylJ-trans4,S-tetramethylenei~~ofidin-2-one 47 - Treatment of 1.3-dipropionyl- 

trons-4,5-tetramethyleneimidazolidin-2-one 13 (252mg, l.OOmmol) with sodium bis(trimcthylsilyl)aide 

(4.Oml. 4.OOmmol) at -78’C. followed by stirring (-78°C. 1 h). addition of ally1 bromide (48Omg. 4.OOtnmol) 

and furtbcr stirring (-78°C. 2 h; -789= warming to -30°C. 3 h) gave a cream solid after quenching and work-up. 

Chromatography on silica gel with dichloromethane as eluent gave 47 (in a 75:25 mixture with a second 

diastereoisomer 48) as a white solid (17lmg, 52%). Major diastereoisomer 47, V- (CHCl$/cm-t 1734 (N- 

CO-N). 1690 (N-CO) and 1630 (C=C); 611 (300 MHz CDC13) 5.72 (lH, ddt, J 17.1. 10.0, 7.1 Hz, 

CH=CHz). 5.03 (2H. m, CH=C&), 3.66 (2H, sextet, J 6.7 Hz, COCHL 3.39 (2H, m, CBN), 2.79 (2H, m, 

Cy-Ca). 2.41 (2H, quintet, J 6.8 Hz, C&CH=CH2). 2.22 1,2H, quintet. J 6.8 Hz, C&CH=CH2), 1.87 (2H, 

m. Cy-Ca), 1.52-1.21 (4H, m, Q-C@ and 1.17 (6H, d, J 6.8 Hz, CHC&); & (50 MHz. CDC13) 179.4, 

154.2, 135.2. 117.2, 60.5. 39.4, 38.9, 28.4, 24.1 and 15.5; m/z 333 (MH+, 100%). 
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Enolisation of 13 (5.04mg. 2.OOmmol) with potassium his(trimethylsilyl)amide (12.Oml. 6.OOmmol). followed 

by addition of ally1 bromide (0.6ml. cxccss) with stirring (-78°C 2 h; -78°C warming to -30°C. 3 h) gave, after 

work-up, a 5O:SO mixture of the dialkylatcd and monoalkylated products 47 and 49, with only a single 

diastercoiwJmcr of each being observable. Chromatography on silica gel with dichlommethnne:hexane (2:3) as 

eluent allowed separation and gave 47. (212mg. 32%) and 49. (19Ymg, 34%). Monoalkylated product 49, 

m.p. 63-65°C (Found; C, 65.4; H, 8.1; N, 9.7. Ct6H24N203 rcquircs C, 65.7; H. 8.3; N, 9.6%); vmnx 

(CHCl$/cm-* 1738 (N-CO-N), 169 I (N-CO) and 1631 (C=C); 611 (300 MHr. CDC13) 5.72 (11-I. ddt, J 17. I, 

l().(). 7.1 Hz. CH=CHz), 5.03 (2H. m, CH=C&), 3.66 (2H, sextet. J 6.7 Hz, COCH), 3.39 (2H. m, CfIN), 

3.04. 2.77 (411, AI3X system. JAB 17.6 HL, JAX 7.4 11~. Jnx 7.4 11~. COC&). 2.89 (111, m. Cy-Car), 2.79 

(]H, m, Cy-C,). 2.41 (IH, quintet. J 6.8 Hz. C&CH=CH2), 2.22 (IH. quintet, J 6.X 11~. C&CII=CH2). 

1.87 (2H. m, Cy-Cm), 1.52-1.21 (4H. m. Cy-Cp), 1.17 (3H. d, J 6.8 H7. CHC&) and I.16 (3H. I, J 7.4 Hz, 

CHCH?); 6~ (50 MHz, CDCl3) 179.5, 177.0, 154.5. 135.2, 117.2. 60.5, 39.5, 3X.‘), 30.8. 28.8, 28.5, 24.2, 

24. I. 15.5 and 8.3: m/z 293 (MH+, I(WI%) ‘I‘hz reaction was rcpeatcd using a larger CXCCM of thu hn.se to give 

only the dialkylatcd material although with reduced stzrc<Kconuol (15; 1) (268mg. 8 I%%). 

1,3-~i(2-mrthylf~urun~~~~l)-~r~ns-4.5-~e~rum~thy~en~imi~uzoli~in-2-~~~~~ 27 - Trcatmcnt of 1.7-dihutanoyl-tmns- 

4.5tctramethyleneimidazolidin-2-one 45 (14Omg. O.SOmmol) with sodium bis(trimethylsilyI)arnidc: (2.Oml. 

2.OOmmol) at -78°C. fullowed by stirring (-7X0(:, I h), addition of methyl iodide (0.3ml. cxccss) and further 

stirring (-7K°C, 2 h; -78°C warming 10 -3O”C, 3 h) gave a cream solid after quenching and work-up. 

Chromatography on silica grl with dichloromethanc as eluent gave a 64:32:4 mixture of 27-29 as a white solid 

(9lmg. 59%). Major diastercoisomcr 27, vmax (CHCll)/cm. I 1734 (N-CO-N) and 1688 (N-CO); 611 (300 

MHz, CDClg) 3.56 (2H, .%xtet. J 6.7 Hz, COCH), 3.40 (2H. m, CHN), 2.83 (2H. m, Cy-C&, 1.88 (2H, m. 

Cy-Cm), 1.x3-1.64 (2H, m, C&CH3). 1.59-1.37 (2H. m, C&CH3). 1.69-1.26 (4H, m. Cy-Cp), 1.17 (BH, 

d. J 7.0 HI., CHCH3) and 0.96 (3H, I, J 7.4 Hz, CHlC&); 6~ (50 MI iz. CDCl:3) 180.4. 154.3, 60.3. 41.0, 

28.6. 25.3. 24.2, 17.X and 11.5: mlz ROY (MH+. ltMF%). 

Enolisation of 45 (14Omg. O.SOmmol) with potassium bis(trimcthylsilyl)amidc (2.6ml. 1 .YSmmol). followed 

by addition of methyl iodide (0.2ml. excess) with stirring (-78’C. 2 h; -78OC warming to -30°C. 3 h) gave, after 

work-up, a 76:22:2 mixture of the diastcrcoisomcrs 27-29 (102mg. 66%). 

1,3-Di(2-met~ylhutnnoyl)-trans-4,5-~iphenyI~mi~az~~li~in-2-~~ne 30 - Treatment of 1.3.dipropionyl-truns-4.5. 

diphcnylimidwolidin-2-orle 46 (189mg. O.SOmmol) with sodium his(trimcthylsilyl)nmidc (2 Oml, 2.lMhnmol) at 

-78°C. followed by stirring (-78°C. 1 h), addition of methyl iodide (0.2ml. excess) and further stirring (-78°C. 2 

h; -78°C warming to -3O’C. 3 h) gave a cream solid after quenching and work-up. Chromatography on silica gel 

with dichloromcthanc as cluent gave a 63:33:4 mixture of 30-32 as a white solid (144mg. 71%). Major 

diastcrcoisomer 30, Vmax (CHCl3)/cm-t 1734 (N-CO-N) and 1687 (N-CO); 611 (3(x) MHz, CDCl3) 7.43-7.3 1 

(6H. m, Ph). 7.26-7.23 (41~. m, Ph), 5.14 (2H. s. PhCH). 3.79 (2H. Sextet. J 6.X Hz, COCH), 1.75 (2H. m, 

C&CH3), 1.49 (2H, m. C.&CH3), 1.18 (3H. d. J 6.8 Hz, CHC&) and 0.93 (3H, L, J 7.3 Hr. CH?C&); 

6~: (50 MIIz, CDCI?) 177.3, 151.8, 140.1. 129.4, 128.6, 125.1. 62.4. 40.0, 26.4, 16.5 and 11.4; m/z 407 

(MH+. 100%). 

Enolisation of 46 (I X9mg, O.SOmmol) with potassium bis(trimethylsilyl)amidc (2.6ml. l.Y5mmol), followed 

by addition of methyl iodide (0.2ml. excess) with stirring (-7VC. 2 h; -7V’C warming to -WV.. 3 h) gave. after 

work-up. a 36:48:16 mixture of the diastcreoisomers 30 32 (162mg. 80%). 
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1,3-Di(3-phenyl-2-methylpropionyl)-trans-4,5-te~rame~hyleneimidzolidin-2-one 33 - Treatment of 1.3-di(3- 

phenylpropionyl)-~rans-4,5-tetramethylencimidazolidin-2-one 46 (202mg, O.SOmmol) with sodium 

bis(t.rimethylsilyl)amide (2.Om1, 2.OOmmol) at -78’C. followed by stirring (-78°C. 1 h). addition of methyl 

iodide (0.3ml. excess) and further stirring (-78’C. 2 h; -78°C warming to -30°C. 3 h) gave a cream solid after 

quenching and work-up. Chromatography on silica gel with dichloromethane as eluent gave a 8 I : 18: I mixture 

of 33-35 as a white solid (175mg, 8 1 Q). Major diastereoisomcr 33, m.p. 105- 106’C (Found; C. 74.9; H. 7.6; 

N. 6.2. C271132N203 requires C, 75.0; H, 7.5; N, 6.5%); v ,nax (CHCl$/cm-1 1739 (N-CO-N) and 1687 (N- 

CO); 8~ (300 MHz, CDC13) 7.31-7.19 (lOH, m, Ph), 3.96 (ZH, qt, J 7.0. 8.6 Hz, COCCI). 3.36 (2H, m, 

CLIN). 3.19, 2.57 (4H. ABX system, JAB 13.4 Hz, Ju 5.9 Hz. JBX 8.5 Hz. PhC&), 2.85 (2H, m, Cy-Ca), 

1.87 (2H. m, Cy-Cd, 1.48-1.20 (4H, m, CyCg) and 1.14 (6H, d, J 7.0 Hz, CHCb); &c (50 MHz, CDC13) 

179.6, 153.9, 139.9. 129.5, 128.4, 126.3, 60.4, 41.3, 38.. 28.7, 24.2 and 17.5; m/z 433 (MH+, 100%). 

Enolisation of 46 (202mg. O.SOmmol) with potassium his(trimethylsilyl)amide (B.Oml, l.SOmmol), followed 

by addition of methyl iodide (0.2ml. excess) with stirring (-78’C, 2 h; -7R’C warming to -WY!, 3 h) gave, after 

work-up, a 85: 14: 1 mixture of the diastcreoisomcrs 33-35 (156mg, 72%). 

1,3-U~(3-phenyl-2-methylpropiony~)-trans-4,S-diphenyl~midazolidin-2-one 36 - Treatment of 1,3-di(3- 

phenylpropionyl)-~rans-4,5-diphenylimidazolidin-2-one 51 (251mg. O.SOmmol) with sodium 

bis(trimethylsilyl)amidc (2.&t& 2.OOmmol) at -78°C. followed by stirring (-78’C, 1 h), addition of methyl 

iodide (0.3ml. excc.ss) and further stirring (-78°C. 2 h; -78°C warming to -3O’C. 3 h) gave a cream solid after 

quenching and work-up. Chromatography on silica gel with dichloromethane as eluent gave a 54:39: 1 mixture 

of 36-38 as a white solid (185mg. 70%). Major diastereoisomer 36, v max (CHCl$/cm-1 1734 (N-CO-N) and 

1689 (N-CO); 611 (300 MHz, CDCI?) 7.40-7.17 (16H. m. Ph), 7.02 (4H. m, Ph). 5.00 (2H, s, PhCli), 4.25 

(2H, m, COCH), 2.69, 3.10 (4H. ABX system, JAB 13.4 Hz, JI\X 7.1 Hz, JBX 5.3 Hz, PhC&) and 1.19 

(3H. d, J 6.8 Hz, CHCH3); & (50 MHz, CDCl3) 176.6, 151.6, 139.6, 139.5, 129.4, 129.3, 128.6, 126.5, 

125.2. 62.2, 40.4.39.4 and 17.1; m/z 531 (MH+, 100%). 

Enolisation of 51 (251mg. O.SOmmol) with potassium bis(trimcthylsilyl)amide (2.6ml, 1.95mmol). followed 

by addition of methyl iodide (0.3ml. excess) with stirring (-78’C. 2 h; -78’C warming to -3O’C. 3 h) gave, after 

work-up. a 53:40:7 mixture of the diastereoisomers 36-38 (243mg. 91%). 

Z,3-Di~2-bcnzylbutu~yoyl)-tr~ns-4,5-~etrumerhylenrimi~zulidin-2-one 41 - Treatment of 1,3-dibutmoyl-rrans- 

4.5~tctramcthylcneimidazolidin-2-one 45 (14Omg, O.SOmmol) with sodium bis(trimethylsilyl)amidc (2.Oml, 

2.OOmmol) at -78°C. followed by stirring (-78°C. 1 h), addition of benzyl bromide (345mg. 2.Wmmol) and 

further stirring (-78’C, 2 h; -78’C warming to -30°C. 3 h) gave a cream solid after quenching and work-up. 

Chromatography on silica gel with dichloromethane as eluent gave a 1: 15:84 mixture of 39-41 as a white solid 

(184mg, 72%). Ma,jor diactercoisomer 41, vmax 1748 (N-CO-N) and 1693 (N-CO); 8~ (300 MHz, CDCI?) 

7.32-7.09 (IOH, m. Ph), 3.98 (2H, m, COW), 2.89.2.76 (4H. ABX system, JAB 13.2 Hz, JAX 5.8 Hz, Jnx 

9.7 Hz. PhCW, 2.74 (2H. m, CUN), 2.58 (2H, m, Cy-C&. 1.78 (211. m, Cy-C&, 1.91-1.52 (4H. m, 

CbCH3). 1.48-1.23 (4H. m, Cy-Cp) and 1.01 (6H, t, J 7.4 Hz. CHQ&); 6~ (50 MHz, CDCI1) 178.7, 

153.9, 139.4, 129.2, 128.3. 126.5, 60.1, 47.8, 39.8, 27.8, 24.5, 24.1 and 11.6; m/z 461 (MH+, 100%). 
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1,3-Di(2-benzylbutanayI)-trans-4,S-diphmnylimidazolidin-2-one 44 - Treatment of 1,3-dibutanuyl-rruns-4,5- 

diphenylimidazolidin-2-one 50 (189mg, O.SOmmol) with sodium his(trimethylsilyl)amide (2.0ml. 2BOmmol) at 

-78°C. followed by stirring (-78°C. 1 h), addition of benzyl hromide (34Smg. 2.OOmmol) and further stirring (- 

78°C. 2 h: -78’T warming to -30°C. 3 h) gave a cream solid after quenching and work-up. Chromatography on 

silica gel with dichloromethane as eluent gave a 10:43:47 mixture of 42-44 as a white solid (143mg. 53%). 
. . 

Myor diastcrco~somcr 44. vmax (CHCl&m-t 1747 (N-CO-N) and 1694 (N-CO); 6~ (300 MHz, CDCI3) 

7.41-7.17 (ICiH, m, Ph). 6.81 (4H, m, Ph), 5.06 (2H, s, PhCft), 4.39 (2H, m, COCH), 3.02, 2.73 (4H. 

ARX system. JAB 13.4 Hz, Ju 8.2 Hz, JBX 6.7 Hz, PhCfl2). 1.76-1~53 (4H. m, C&CH3) and 0.87 (6H. t. 

J 7.4 Hz. CH2CH3); 6~ (50 MHL. CDC13) 176.3, 151.6. 139.5. 139.3. 129.3, 128.5. 126.3, 124.9. 62.4, 

46.8. 38.2, 24.9 and 11.6; m/z 5.59 (MH+. 100%). 

I,3-Di(Z-~~hyll~u~c~~yl)-trans-4,.~-~e~ramrthyleneimirLIzolidin-Z-one 29 - Treatment of I ,3-propionyl-rruns- 

4,5-tetramcthylencimidazolidin-2-one 13 (252mg. l.C)Ommol) with potassium his(trimethylsilyl)amide (5.6ml. 

7.9mmol) at -78OC, followed by stirring (-78OC. 1 h), addition of ethyl iodide (OSml. excess) and further 

stirring (-78°C. 2 h; -78°C warming to -70°C. 3 h and -30°C. 15 h) gave a cream solid after quenching and 

work-up. Chromatography on silica gel with dichloromctbane as eluent gave a 1:14:85 mixture. of 27-29 as a 

white solid (204mg. 64%). Major diastercoisomcr 29, v ,,,ax (CHClj)/cm-t 1733 (N-CO-N) and 1687 (N-CO); 

611 (300 MHz, CDC13) 3.54 (2H. sextet. J 6.7 Hz. COC&, 3.40 (2H. m, CIIN). 2.83 (2H. m, Cy-C,_& 1.88 

(2H. m, Cy-C&, 1.83-1.64 (2H. m, C&CH3), 1..59-1.37 (2H. m, CfiCH3). 1.69-1.26 (4H. m. Cy-Cp). 

1.16 (3H. d, J 6.7 Hz, CHC&) and 0.89 (3H. t, J 7.0 Hz. CH2CH3); &* (50 MIIz, CDC13) 180.2, 154.3, 

60.4. 41.0, 28.5, 27.7, 24.2, IS.3 and 11.0: m/x 309 (MH+, 100%). 

1,3-Dif2-~~hylbu~anoy[)-trans-4,5-diphenyli~duza~idin-2-an~ 32 - Treatment of 1.7-propionyl-funs-4,5- 

diphenylimidazolidin-2-one 14 (350mg. l.OOmmol) with potassium bis(trimethyIsilyl)amide (5.3ml. 

4.OOmmoI) at -78% followed by stirring (-78“C. 1 h), addition of ethyl iodide: (0.4ml. excess) and further 

stirring (-78°C. 2 h; -78°C warming to -30°C. 3 h and -3OOC. 15 h) gave a cream solid after quenching and 

work-up. Chrornatogrdphy on silica gel with dichloromethane as cluent gave a 14:47:39 mixture of W-32 as a 

white solid (269mg. 66%). Major diastereoisomer 32. vmax (CIICl3)/cm-t 1734 (N-CO-N) and 1687 (N-CO); 

611 (300 MIlz, CDCl3) 7.43-7.31 (6H. m, Ph), 7.26-7.23 (411. m. Ph), 5.15 (2H. s, PhC_H). 3.81 (2H, m, 

COCH), 1.75 (2H. m, CI&CH3). 1.49 (2H, m, C&CH3), 1.19 (3H. d. J 6.8 Hz, CHCH3) and 0.85 (3H. t. 

J 7.4 Hz. CH2CY3); k (50 MHz, CDC13) 177.3, 151.7. 140.2, 129.4, 128.7, 125.3. 62.4. 39.8, 26.5. 16.0 

and 11.1; m/z 407 (MH+, l(K)%). 

I,3-Di(2-benzylburanoyI)-trans-4,S-rerramerhyleneimidazolidin-2-one 39 - Treatment of 1,3-(3- 

phe~~ylpropionyl)-trans-4,5-tetramethylcneimida~olidin-2-on~ 46 (56Omg. 1.38mmol) with potassium 

bis(lrirnethylsilyl)amide (7.5ml. 5.2Ommol) at -78oC, followed hy stirring (-78°C. 1 h), addition of ethyl iodide 

(0.8ml. excess) and further stirring (-78’Y. 2 h; -7FC warming IO -3WC. 3 h and -3O’C. 15 h) gave a cream 

solid after quenching and work-up. Chromatography on silica gel with dichloromethane as cluent gave a 77:22: 1 
mixture of 39-41 as a white solid (4OOmg. 71%). Major diastercoisomer 39, vmax (CHClg)/cm-t 1738 (N-CO- 

N) and 1683 (N-CO); 8~ (300 MHz, CDC13) 7.32-7.09 (lOH, m. Ph). 3.96 (2H. m. COCH). 3.11, 2.64 (4H. 

ABX system. JAB 13.5 Hz. JAX 6.7 Hz, JBX 7.9 Hz, PhCfl2). 2.87 (2H. m. CHIN), 2.68 (2H. m. Cy-C&, 

1.78 (2H. m. Cy-Ca), 1.91-1.52 (4H, m. C&CH3). 1.48-1.32 (4H. m, Cy-Cp) and 0.84 (6H. t, J 7.4 Hz, 
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CH2CH3); 6c (50 MHz, CDC13) 179.0, 154.1, 140.0, 129.6, 128.7, 126.3, 60.5. 48.1. 36.8, 28.6, 25.2, 

24.2 and 11.0; m/z 461 (MH+, 100%). 

~.3-Di(2-benzylbutanoylJ-trans-4,5-diphenylimidazolidin-2-one 42 - Treatment of 1,3-(3_phenylpropionyl)- 

trans-4,5-diphenylimidazolidin-2-one 51 (251mg. OSOmmol) with potassium bis(trimethylsilyl)amide (2.6m1, 

2.OOmmol) at -78“C. followed by stirring (-78’C. 1 h), addition of ethyl iodide (0.4ml. excess) and further 

stirring (-78OC, 2 h; -78°C warming to -30°C. 3 h and -30°C. 15 h) gave a cream solid after quenching and 

work-up. Chromatography on silica gel with dichloromcthane as eluent gave a 66:31:3 mixture of 42-44 as a 

white solid (I 56mg. 56%). Major diastereoisomer 42. v - (CHCl$/cm-1 1747 (N-CO-N) and 1694 (N-CO); 

6~ (300 MHz, CDC13) 7.41-7.17 (16H, m, Ph), 6.81 (4H. m. Ph), 4.86 (2H. s, PhCH), 4.39 (2H. m, 

CO%), 2.92, 2.80 (4H. ABX system, JAB 13.4 Hz, Jm 9.6 Hz, JBX 5.8 Hz, PhC&), 1.76-1.53 (4H, m, 

C&CH$ and 0.75 (6H. t. J 7.4 Hz, CH$Zfl?); 8~ (50 MHz, CDC13) 176.5, 151.6, 140.3, 139.7. 129.3, 

128.5, 126.4. 125.5, 61.9, 46.5, 38.3, 26.1 and 11.0; m/z 559 (MH+, 100%). 

Homochiral 1,3-Di(3-phenylpropion~l~-~ns4,5-retra~~yleneimidazolidin-2-one 35 - In a manner identical 

to that already described for the synthesis of racemic 35 from 13 via its potassium bisenolate, a T’HF solution 

of (4R, 5R)-1,3-dipropionyl-rr~-4.5-n-ans_telramethdin-2-one (R,R)-13 (252mg, l.OOmmol) at 

-78’C was trcatcd with potassium bis(trimethylsilyl)amide (5.2m1, 3.90mmol). After 1 h at -78”C, benzyl 

bromide (685mg. 4.OOmmol) was added and the reaction stirred (-78oC, 2 h; -78°C warming to -3O’C. 3 h and 

-30°C. I5 h) before being quenched. Work-up gave, as before. a 0:5:95 mixture of diastereoisomers 33-35. 

(195mg. 45%). The compounds were identical spectroscopically to tie racemic samples prepared previously. 

(2S)-3-Phenyl-2-methylpropane-I-of (23)-52 - A solution of a 0:5:95 mixture of homochiral 33-35 (145mg. 

0.34mmol) in THF (2ml) was added to a stirred suspension of lithium aluminium hydride (120mg, 3.16mmol) 

in THF (6ml) at 0°C. After stirring for 2 h at O”C, the reaction was quenched by addition of water (0.15ml). 

15% aqueous sodium hydroxide solution (0.15ml) and water (0.45ml). The resulting slurry was filtered 

through celite. the solvent was removed in vacua and the crude product purified by chromatography on silica gel 

with dichloromethanc as eluent to give (29-52 as a colourless oil (35mg. 35%). 611(3OO MHz, CDCl3) 7.32- 

7.17 (5H. m, Ph), 3.52 (2H, m, C&OH), 2.76, 2.44 (2H, ABX system, JAB 13.4 Hz, JAX 6.3 Hz, JBX 8.0 

Hz, PhC&), 1.96 (IH, m. CHCH3). 1.33 (lH, bs, CH2OH) and 0.93 (3H. d, J 6.7 Hz, CHC&); [a]D2’ 

-10.2 (c 1.1, bcnzcnc). 

Racemic-3-Phenyl-2-merhylpropane-l-0152 - In a manner analogous IO that described above, treatment of a 

95:5:0 mixture of racemic 33-35 (185mg. 0.43mmol) with lithium aluminium hydride (2OOmg, 5.3Ommol) in 

THF (6ml) at 0°C gave a colourless oil after a standard reaction period and work-up. This was fritted through a 

plug of silica gel with dichloromethane as eluent to give 52 as a colourless oil (122mg, 94%). after prolonged 

drying in vacua. 

J,3-Di(3-phenyl-2-methylpropionyl)-trans-4,5-~etramethylene-imidazolidin-2-one 35 - Lithium di- 

isopropylamide (2.Oml of a 2.OM solution in heptane, 4,OOmmol) was added to a THF solution of 1,3- 

dipropionyl-trans-4,5-tetramethyleneimidzolidin-2-one 13 (252mg, l.OOmmol) at -78’C and the reaction 

stirred at -78°C for 1 h before addition of benzyl bromide (515mg. 3.CKlmmol). After 1 h at -78°C. the reaction 
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was allowed to warm to O°C and stirred thereat for 2 h hefore being quenched and worked-up in the 

conventional manner. Chromatography on silica gel with dichloromethane as eluent gave a 5:35:60 mixture of 

diastereoisomers 33 35 (XOmg, 8 1%). 
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