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CHAPTE RR 5 

SYNTHETICC APPLICATIONS OF HOMOALLYLI C AMINES^ 

Highlyy diastereoselective synthesis of fj-amino alcohols 

5.11 Introductio n 

Inn the previous chapters, effective combinatorial synthesis routes to N-protected and 

unprotectedd homoallylic amines via N-acyliminium ion chemistry have been described. 

Althoughh it was shown that the choice of the side chain at the a-position was restricted, 

derivatizationn of a versatile functional group in this side chain could still dramatically enlarge 

thee diversity of the resulting products.2 For example, the introduction of a Weinreb (N-

methoxy-N-methyl)) amide allows functionalization via the addition of Grignard reagents. 

Thus,, combining an efficient N-acyliminium ion synthesis of homoallylic amines with 

Weinrebb technology should further increase the variety of products to a wide range of highly 

functionalizedd molecules containing both oxygen and nitrogen atoms. 

Sincee the first report of Weinreb on the use of N-methoxy-N-methyl amides 1 as 

carbonyll  equivalents,3 this functional group has been widely recognized as an effective tool in 

organicc synthesis.4-5 Important reasons for its popularity are the ease of preparation, the 

selectivee formation of ketones on nucleophilic addition of organometallic reagents and the 

facilee reduction to form aldehydes without concomitant formation of alcohols. The high 

selectivityy can be ascribed to the stable five-membered chelate 2, which is formed upon 

nucleophilicc addition of an organometallic species (Scheme 5.1). This cyclic intermediate 

preventss the attack of a second nucleophile and thus - after acidic work-up - results in the 

selectivee construction of the corresponding carbonyl compound 3. 

Schemee 5.1: 
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Logically,, the resulting carbonyl compound 3 can subsequently be used as an 

electrophilee for a Grignard addition. Moreover, when a-amino Weinreb amides are used in 

thee first addition, the second nucleophilic addition wil l produce a p-amino alcohol. These P-
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aminoo alcohols are frequently occurring structural moieties with interesthg synthetic 

applicationss and exist in a wide range of natural and synthetic compounds? Interestingly, via 

thiss route the eventual amino alcohols can be synthesized in high levels of diastereoselectivity. 

Ass an example, Greene described the chelation-controlled7 addition of Grignard reagents toa-

aminoo aldehyde 4 (Scheme 5.2).8 

Schemee 5.2: 
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Thee addition of 6 equiv vinylmagnesium bromide to the crude aldehyde 4 resulted in 

thee formation of a 9:1 mixture of syn- and anff-isomers 5 in a yield of 62%. Commonly used 

alternativess can be found in the application of Garner's aldehyde9 or N,N-dibenzyI protected 

aminoo aldehydes.10 These a-amino aldehydes lack the free NH on the amine and are 

chemicallyy and configurationally more stable. For example, Zhu reported the use of N,N-

dibenzyll  protection in the diastereoselective synthesis of y-hydroxy-p-amino alcohols (Scheme 

5.3)." " 

Schemee 5.3: 
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a-Aminoo aldehyde 6 was reacted with 2 equiv iPrMgCl to afford (3-amino alcohol 7 in 

aa high yield and excellent diastereoselectivity. Interestingly, in this case the an t /-isomer was 

obtainedd as the exclusive product. This opposite selectivity can be explained by the absence of 

chelation-controll  and the preference for nucleophilic attack according to the FelkinAnh 

model.12 2 

Byy using a-amino ketones instead of the corresponding aldehydes, the aforementioned 

problemss concerning the stability of a-amino aldehydes can be circumvented. Therefore, in 
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thee case of ketones, carbamate protection of the amine functionality does not lead to unstable 

compounds.. For example, the stereoselective synthesis of p-hydroxy-a-amino acids, reported 

byy the group of Lajoie made use of an n«h-selective addition of Grignard reagents (2.5-4 

equiv)) to a-amino ketones of type 8 (Scheme 5.4).13 The high level of diastereoselectivity in the 

nucleophilicc addition step was explained by the Felkin-Anh attack from the face opposite to 

thee trioxabicyclo[2.2.2]orthoester protective group. 

Schemee 5.4: 
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Hence,, a straightforward and versatile synthesis of p-substituted-f3-amino alcohols 10 

couldd involve the combination of the diastereoselective addition to a protected a-amino 

ketonee and Weinreb amide technology, preceded by the addition of a suitable nucleophile to 

thee N-acyliminium ion intermediate 12 (eq 5.1). Consequently, this methodology would also 

requiree an efficient synthesis route towards the key intermediate!!. 
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(5.1) ) 

5.22 Preparation of Weinreb amides 

Ass a first straightforward approach, it was anticipated to synthesize the Weinreb 

amidee 11 from the corresponding methyl ester, preceded by the N-acyliminium ion reaction 

withh the known N,0-acetal 16.14 N,0-Hemiacetal 15 was obtained by the use of an optimized 

proceduree for the addition of hemiacetals to carbamates (Scheme 5.5).15 Subsequent 

methanolysiss afforded N,0-acetal 16 in a yield of 93% over these two steps. 
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Schemee 5.5: 
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ReagentsReagents and conditions: (a) 4 A MS, CH2C12, reflux, 18 h; (b) H2S04 (0.1 equiv), MeOH, rt, 3 h; 

(c)) CHCI3, rt, 1 d. 

Thee introduction of an additional substituent at the a-position proved to be quite 

troublesome.. If benzyl carbamate (13) was reacted with methyl pyruvate, no product was 

formed.. Nor did the use of the more electron deficient methyl trifluoropyruvatel7 under the 

samee conditions lead to any formation of the desired product 18. On the other hand, it is 

knownn that similar types of fluorinated a-methyl substituted a-hydroxy-a-amino esters (18 

CF33 = CHF2, CBrF2, CCIF2, CIF2) were obtained by the addition of a carbamate to the 

correspondingg pyruvate derivative.16 By changing the solvent to CHCfe and using highly 

concentratedd conditions, the product crystallized from the reaction mixture and the desired 

N,0-acetall  18 was isolated in a nearly quantitative yield (95%). However, further 

functionalizationn of the N,0-hemiacetal by for example methanolysis, acylation or mesylation 

wass not possible. 

Consequently,, N,0-acetal 16 was used in N-acyliminium ion chemistry,17 followed by 

thee introduction of the Weinreb amide functionality (Scheme 5.6). Initially , the reaction of 

methyll  ester 19 with N,0-dimefhylhydroxylamine was rather slow and low yielding, but after 

slightt optimization of the reaction conditions (4 equiv of AIM© and MeNHOMeHCl and a 

reactionn time of four days) the desired Weinreb amide20 could be obtained in a yield of 70%. 

Thee Weinreb amide was also introduced in a two-step procedure, starting with the hydrolysis 

off  the methyl ester, followed by a reaction with MeNHOMeHCl using a standard peptide 

couplingg methodology. However, this alternative approach gave a lower yield of the desired 

compound.. Subsequently, a more elegant route was developed, involving the novel Weinreb 

amidee 21 which contains both precursor functionalities for N-acyliminium ion and Weinreb 

amidee chemistry. Hence, via this species three different functionalities can be introduced (one 

viavia N-acyliminium ion chemistry and two by organometallic additions) in three subsequent 

reactionn steps resulting in highly functionalized compounds. Introduction of the Weinreb 

amidee from methyl ester 16 afforded the desired amide 21 in 81% yield. 
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Schemee 5.6: 
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ReagentsReagents and conditions: (a) BF3OEt2 (2 equiv) CH2C12, rt, 24 h; (b) MeNHOMeHCl, AlMes, 

CH2C12;; (c) (1) KOH (3.5 equiv), EtOH (2) DiPEA (1.2 equiv), DIPCDI (1.2 equiv), HOBt (0.1 

equiv),, MeNHOMeHCl (1.2 equiv), CH2C12. 

Nevertheless,, an even more elegant route could be the reaction of benzyl carbamate 

withh a glyoxylate analogue containing the Weinreb amide. Unfortunately, direct conversion of 

methyll  glyoxylate hemiacetal (14) into the corresponding Weinreb amide 22 did not work 

(Schemee 5.7). 

Schemee 5.7: 
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Inn contrast, after protection of the hemiacetal functionality into the analogous dimethyl 

orr diethyl acetal, it was indeed possible to convert the ester into Weinreb amide 23 or 24. 

However,, subsequent partial deprotection of the aldehyde functionality (23—>22) or direct 

couplingg to benzyl carbamate appeared troublesome. Therefore, an alternative route towards 

thee Weinreb amide-functionalized hemiacetal 22 was developed (Scheme 5.8). 
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Schemee 5.8: 
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ReagentsReagents and conditions: (a) MeNHOMeHCl (2.5 equiv), pyridine (5 equiv), CH2Q2, rt, 18 h; (b) 

(1)) O3, CH2Cl2/MeOH (2) DMS (10 equiv). 

Startingg from fumaryl chloride (25), the reaction with N,0-dimethylhydroxylamine 

resultedd in the bis-Weinreb amide 26. Subsequent ozonolysis in a Cl^Ck/MeOH solvent 

mixturee afforded the desired hemiacetal 22 in a high yield. Then, hemiacetal 22 was used in 

thee coupling reaction with benzyl carbamate (Scheme 5.9). 

Schemee 5.9: 
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ReagentsReagents and conditions: (a) 4 A MS, CH2CI2, reflux, 18 h; (b) pTsOH (0.2 equiv), MeOH, rt, 18 h; 

(c)) BF3-OEt2 (2 equiv), CH2CI2, rt, 18 h. 

Byy using the aforementioned technology for the addition of hemiacetals to carbamates, 

benzyll  carbamate (13) was reacted with Weinreb amide 22 to give N,0-acetal 27. Subsequent 

acid-catalyzedd methanolysis resulted in the versatile N-acyliminium ion precursor 21 in a 

virtuallyy quantitative yield over these two steps. In contrast to the methanolysis of compound 

15,, to prevent esterification of the amide functionality a weaker protic acid was used for the 

methanolysiss step (pTsOH instead of H2SO4). Thus, with the development of an efficient 

synthesiss of hemiacetal 22 and its subsequent reaction with benzyl carbamate, indeed an 

elegantt route to the targeted Weinreb amide21 was found. 

Withh the desired, highly versatile Weinreb amide 21 in hands, the first 

functionalizationn via N-acyliminium ion chemistry was performed. By using 
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allyltrimethylsilanee as the carbon nucleophile, the protected homoallylic amine 20 was 

obtainedd in a good yield. 

5.33 Formation of a-amino ketones 

Weinrebb amide 20 was used as a substrate for the addition of Grignard reagents, 

whichh after acidic work-up resulted in the fomation of a-amino ketones 28 (Table 5.1). 

Tablee 5.1: 

HN'' >^"""OMe 
Cbzz O 

20 0 

1)RR MgX, THF 

2)H H Cbzz O 

28 8 

entryy R'MgX equiv v timee (h) product t yield d 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

MeMgBr r 

MeMgBr/EtMgBr' ' 

MeMgBr r 

EtMgBr r 

AllylMgB r r 

PhC^CMgBr r 

iPrMgCl l 

cPentMgCl l 

1 1 

1/1 1 
3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

1 1 

1/15 5 

18 8 

18 8 

18 8 

18 8 

40 0 

70 0 

--

28b b 

28a a 

28b b 

28c c 

28d d 

28e e 

28f f 

--

70% % 

97% % 

88% % 

86%* * 

83% % 

36% % 

24% % 

«Additionn of 1 equiv MeMgBr, followed by stirring for 1 h, and the addition of 1 equiv of 

EtMgBr.. ''The corresponding a,B-unsaturated ketone was obtained as a byproduct (10%). 

Reactionn of Weinreb amide 20 with one equiv of MeMgBr for 1 h, did not lead to any 

productt formation (entry 1). Upon addition of a second equiv of EtMgBr, complete formation 

off  the ethyl ketone 28b was observed (entry 2). This clearly proves that the first equiv of the 

Grignardd reagent is consumed by the deprotonation of the carbamate, while the second equiv 

iss used for the nucleophilic addition. The best results were obtained by using an excess (3 

equiv)) of the Grignard reagents at room temperature. On changing from primary to secondary 

Grignardd reagents the yields decreased (entries 3-6 to entries 7-8). These lower yields most 

probablyy reflect the increasing steric bulk of the organometallic reagents. Interestingly, in the 

casee of allylMgBr (entry 5), 10% of the isomerized a,(3-unsaturated ketone 28g was isolated in 

additionn to the desired allyl ketone 28c. The mixture of isomers 28c and 28g could be 
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equilibratedd to the more stable ketone 28g by purification using column chromatography 

(Schemee 5.10). A useful application of ketone 28g was found in the ring-closing metathesis 

reaction188 of this diene with Grubbs' catalyst to afford the cyclic ketone 29 in a yield of 67%. 

Schemee 5.10: 

OMe e 

20 0 

HN N 
Cbz z 

29 9 

,MgBr r 

86% % 

Ckk J 
PCy3 3 

CI '' i 
Ru=\ \ 
PCy^h h 

CH2C12 2 

67% % 

SiO? ? 

Inn addition, Weinreb amide 20 was reduced to the corresponding aldehyde 30. The 

reactionn was performed with LiAlH i as the reducing agent and afforded the rather unstablea-

aminoo aldehyde 30 in a yield of 42% (eq 5.2). 

HNN Y " 0 M e 

Cbzz O 

20 0 

LiAlH , , 

Et20,, rt, 15 min 
42% % 

(5.2) ) 

Cbzz O 

30 0 

5.44 Diastereoselective formatio n of p-amino alcohols 

Methyll  ketone 28a was then used for the addition of a second Grignard reagent to 

obtainn p-amino alcohol 31 (Table 5.2). The nucleophilic additions to methyl ketone 28a were 

performedd at low temperature (-78 °C) and during a short reaction time, which resulted in the 

diastereoselectivee formation of amino alcohols 31. Similarly, the difference in yields between 

entriess 1-3 and 5 and 6 can be explained by the increased steric bulk of the Grignard reagent. 

Thee low yield of amino alcohol 31d (entry 4) is due to a higher reaction temperature (65 °C), 

whichh was used to prevent initial precipitation of the Grignard reagent at lower reaction 

temperatures.. However, at this higher reaction temperature a side reaction resulted in the 

formationn of 65% of the cyclized oxazolidinone32 (82:18 ratio of diastereoisomers, eq 5.3). 
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Tablee 5.2: 

Cbzz O 

28a a 

RzMgXX (3 equiv) 

THF,, -78 °C 
HN N 

II I Me 
Cbzz OH 

31 1 

entryy R2MgX time e product t yield d symanti" symanti" 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

MeMgBr r 

EtMgBr r 

AllylMgB r r 

PhCECMgBr r 

j'PrMgCl l 

cPentMgCl l 

155 min 

155 min 

300 min 

22 days 

155 min 

188 h 

31a a 

31b b 

31c c 

31d d 

31e e 

--

72% % 

82% % 

89% % 

9%* * 

23% % 

--

--

>98:2 2 

70:30 0 

79:21 1 

>98:2 2 

--

"Ratioo determined by JH NMR. The reaction was carried out at reflux temperature; 

oxazolidinonee 32 was obtained as the main product (65%, 82:18 ratio of symanti isomers). 

Ph-- -MgBr r 

THF,, 65 °C 

28a a 

Cbzz OH 

31dd (79:21 syn.antï) 

(5.3) ) 

322 (82:18 trans:cis) 

Ass an interesting application and in order to establish the configuration of the 

diastereoisomers,, diene 31c was reacted in a ring-closing metathesis reaction under the 

influencee of Grubbs' catalyst to obtain cyclohexene33 (eq 5.4). 

Cbzz OH 

HN N 
II I Me 
Cbzz OH 

syn-31csyn-31c anti-3\c 
(70:30) ) 

C L ? C y 3 3 

~,, R u = \ 
Cll  P C > 

CH2C12 2 

60% % 

0.7% % 2.8% % 

(70:30) ) 

(5.4) ) 
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Afterr cyclization of the diastereoisomeric mixture 31c, the configuration of the main 

productt could be assigned as the frans-cyclohexene 33 by using ]H NMR NOE experiments. 

Thee major isomer gave an NOE effect of 0.7% of the methyl group upon irradiation of thea-H 

proton,, whereas in the minor isomer a 2.8% enhancement of the Me signal was observed. The 

frans-configurationn in cyclohexene 33 is in accordance with a sy«-configuration of diene 31c. 

Regardingg the high diastereoslectivity in the formation of amino alcohols31c, two models (the 

Felkin-Anhh model and the cyclic or chelation-control model) might play a role.19 

Felkin-Anhh model 
B B 

Cyclicc or chelation-control model 

Inn the Felkin-Anh model the selectivity of the side from which the nucleophilic attack 

occurss is determined by the difference in steric bulk of the allyl andN-carbamate substituents 

inn structure A. According to this model, one might expect that nucleophilic attack takes place 

fromm the left-hand side resulting in the formation of the anri-isomer. However, because 

deprotonationn of the carbamate NH by the Grignard reagent occurs faster than the 

nucleophilicc attack, magnesium most probably chelates between the nitrogen and ketone 

functionn of the starting material, which results in a cyclic or chelation-controlled intermediate 

B.. In this five-membered cyclic intermediate, the allyl group blocks the top face of the 

molecule,, thus forcing the incoming nucleophile to attack from the opposite side of the ring, 

resultingg in the formation of the syn-isomer as the main product. 

5.55 Solid phase approach towards the diastereoselective formatio n of p-amino 

alcohols s 

Forr a versatile, combinatorial approach of the previously described methodology it 

wouldd be useful to translate this chemistry to the solid phase. The most straightforward 

methodd would involve the immobilization of a primary carbamate on the resin (SEC/TEC 

resin,, see Chapter 3) and condensation with Weinreb amide 22. However, this methodology 

whichh was highly efficient in solution phase, was not successful on the solid phase and 

thereforee an alternative approach had to be developed. Because of the basicity of Grignard 

reagents,, it was anticipated that the reactions should be performed on the TEC linker systan 
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andd that the base-labile SEC linker system could not be used. Starting from 2-bromoethyl 

chloroformatee (34) a route to ester 37 and Weinreb amide 38 was developed (Scheme 5.11). 

Schemee 5.11: 

34 4 

OH H 

MeO O 

O O 

OO OMe 

H H O O 

39 9 

QT< < CI I 

OO OMe 

355 R = OMe (92%) 
366 R = NMeOMe (58%) 

M e ^ , S v v T T 
o o 

OO OMe 

HH O 

377 R = OMe (99%) 
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ReagentsReagents and conditions: (a) (1) 14 (R = OMe, 2 equiv) or 22 (R = NMeOMe, 2 equiv), 4 A MS, 

CH2C12,, reflux, 18 h (2) pTsOH (0.2 equiv), MeOH, rt, 18 h; (b) potassium thioacetate (1.25 

equiv),, DMF, rt, 18 h; (c) (1) pyrrolidine (1 equiv), DMF, rt, 1 h (2) Merrifield resin (1 equiv), 

Et3NN (1 equiv), DMF, rt, 18 h. 

Carbamatee 34 was reacted with hemiacetal 14 or 22 according to the previously 

describedd procedure for the addition of hemiacetals to carbamates and subsequently 

transformedd into the corresponding N,0-acetals 35 and 36. Then, the bromides were reacted 

withh potassium thioacetate to obtain the protected thiols 37 and 38. Thioacetate 37 was used 

forr in situ deprotection20 and coupling to Merrifield resin to afford the immobilized N-

acyliminiumm ion precursor 39. Unfortunately, when ester 39 was treated with 

allyltrimethylsilanee and a Lewis acid (BF3-OEt2, Sn(OTf)3, Sc(OTf)3, SiMe3OTf or SnCL,) to 

generatee the iminium ion, instead of nucleophilic attack of the silane, complete cleavage of the 

linkerr system was observed. In this system the formation of the N-acyliminium ion is 

probablyy too slow and given the acidic conditions, the TEC resin is readily cleaved. Due to the 

respectivee incompatibilities of the SEC system with Grignard reagents, and the TEC system 

withh N-acyliminium ion formation, further development of the combination of Weinreb 

amide,, N-acyliminium ion and solid phase chemistry on these linker systems was not 
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pursued.. Clearly, translation of the efficient solution phase reaction sequence towards the 

diastereoselectivee formation of (3-amino alcohols requires the use of a more suitable linker 

system. . 

5.66 Conclusions 

Inn this chapter, the development of efficient syntheses of the Weinreb amide 

containingg hemiacetal 22 and the versatile N,0-acetal 21 have been described. Starting from 

thee highly functionalized Weinreb amide, three different substituents were introduced in 

threee subsequent reaction steps. An allyl group was introduced via N-acyliminium ion 

chemistryy and the resulting homoallylic amine was used for the organometallic additions to 

thee Weinreb amide functionality to afford a-amino ketones. Subsequent treatment of the ct-

aminoo ketones with Grignard reagents resulted in the highly diastereoselective, chelation 

controlledd formation of p-amino alcohols. Disappointingly, the translation of this efficient 

solutionn phase methodology to a solid phase approach was unsuccessful. 
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5.88 Experimental section 

Forr experimental details, see: Section 2.7 

2-Benzyloxycarbonylamino-3,3,3-trifluoro-2-hydroxypropionicc acid methyl 

II  ester  (16) Benzyl carbamate (1.01 g, 6.65 mmol) and methyl glyoxylate methyl 

HNN Y hemiacetal (1.99 g, 16.7 mmol) in CH2CI2 (10 mL) were heated to reflux 

temperature.. The reflux condensor was placed on top of a pressure-

equalizingg dropping funnel filled with 4A MS. After refluxing for 18 h the solvent was 

evaporatedd to obtain the crude N,0-hemiacetal, which was dissolved in MeOH (7.5 mL). A 

catalyticc amount of H2SO4 (100 uL, 1.82 mmol, 97% in H20) was added, the solution was 

stirredd for 5 h at rt and concentrated in vacuo. The residue was dissolved in CH2CI2, washed 

withh a saturated aqueous NaHCQi solution (10 mL), a saturated aqueous NaCl solution (10 

mL),, dried (MgSCV) and concentrated in vacuo. The crude product was purified using column 

chromatographyy (EtOAc/PE 1:1) to afford 16 (1.56 g, 6.18 mmol, 93%) as a white solid. R, 0.26 

(EtOAc/PEE 1:2). Mp 78 °C. W NMR (400 MHz, CDCI3) 5 7.37-7.32 (m, 5H, Ar-H), 5.84 (br d, ƒ = 

7.44 Hz, 1H, NH), 5.35 (d, ƒ = 9.4 Hz, 1H, NHCH), 5.15 (s, 2H, ArCH2), 3.81 (s, 3H, C02Me), 3.46 
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(s,, 3H, OMe). «€ NMR (100 MHz, CDCI3) 5 167.9 (C02Me), 154.8 (OCON), 135.8,126.6,128.4, 

128.22 (Ar-C), 80.7 (NHCH), 67.4 (ArCH2), 56.2, 52.9 (OMe and COzMe). IR v 3318, 2956, 1759, 

1728,1528,1440,1342,1217,1087,1052,1008. . 

2-Benzyloxycarbonylamino-3,3,3-trifluoro-2-hydroxypropionicc acid methyl 
HOO ,Cr3 

X ^ O M ee ester (18) Benzyl carbamate (484 mg, 3.20 mmol) and methyl 
HN N 

Cbzz O trifluoropyruvate (500 mg, 3.20 mmol) were dissolved in CHC13 (3 mL), after 

244 h the reaction mixture was filtered off, washed with cold CHCi ( 2 x1 mL) 

andd dried in vacuo to obtain 18 (929 mg, 3.03 mmol, 95%) as white crystals. Rj 0.45 (EtOAc/PE 

1:1).. ] H NMR (400 MHz, CDCh) 5 7.35-7.34 (m, 5H, Ar-H), 5.95 (br s, 1H, NH), 5.16 (br s, 1H, 

OH),, 5.13-5.08 (m, 2H, ArCH2), 3.91 (s, 3H, COzMe). " C NMR (125 MHz, CDCI3) 6 166.3 

(C02Me),, 154.6 (OCON), 135.0,128.7,128.4 (Ar-C), 121.33 (q, ƒ = 286.3 Hz, CE3), 81.0 (q, / = 32.8 

Hz,, CCF3), 68.1 (ArCH2), 54.9 (C02Me). IR v 3303, 3026, 2935, 1756, 1692, 1543, 1320, 1278, 

1201,1178,1137,1063,, 978. 

2-Benzyloxycarbonylaminopent-4-enoicc acid methyl ester  (19) N,0-Acetal 

166 (2.00 g, 7.60 mmol) and allyltrimethylsilane (2.41 mL, 15.2 mmol) were 

HN''' - ^ O M e dissolved in CH2C12 (70 mL) and cooled to 0 °C, BF3OEt2 (1.93 mL, 15.2 

C1322 O mmol) was added dropwise and the reaction mixture was allowed to warm 

upp to rt and stirred for 24 h at this temperature. Then, saturated aqueous NaHCO (50 mL) 

wass added and the layers were separated. The aqueous layer was extracted with CH2C12 (2 x 

500 mL), the combined organic layers were washed with aqueous saturated NaCl (50 mL), 

driedd (MgS04) and concentrated in vacuo. The crude product was purified using column 

chromatographyy (EtOAc/PE 1:2). R, 0.40 (EtOAc/PE 1:2). 'H NMR (200 MHz, CDCI3) 5 7.41-

7.311 (m, 5H, Ar-H), 5.78-5.58 (m, 1H, CH=CH2), 5.28 (br d, ƒ = 7.7 Hz, 1H, NH), 5.17-5.08 (m, 

4H,, ArCH2 and CH=CH2), 4.47 (dt, ƒ = 7.6, 5.9 Hz, 1H, NHCH), 3.75 (s, 3H, C02Me), 2.61-2.49 

(m,, 2H, CH2CH=CH2). «C NMR (100 MHz, CDCI3) 5 172.0 (C02Me), 155.6 (OCON), 136.1 (Ar-

C),, 131.9 (CH=CH2), 128.4,128.1,128.0 (Ar-C), 119.2 (CH=CH2), 66.9 (OCH2), 53.1, 52.2 (NHCH 

andd C02Me), 36.6 (CH2CH=CH2). IR v 3365, 3091, 3037, 2961, 1751, 1533, 1440, 1351, 1219, 

1057,, 995, 924. HRMS (FAB+) calculated for Ci4H18N04 (M
+ + H) 264.1236, found 264.1244. 

[l-(Methoxymethylcarbamoyl)but-3-enyl]carbamicc acid benzyl ester 
M ee (20) from 19 AlMe3 (15.2 mL, 30.4 mmol, 2M in hexanes) was slowly 

HN'' ~Y "OMe a d d ed t o N0-dimethylhydroxylamineHCl (2.96 g, 30.3 mmol) in CH2C12 

(500 mL) at 0 °C, the reaction mixture was allowed to warm up to rt and 

stirredd for 1 h at rt. The reaction mixture was cooled to 0 °C, 19 (2.06 g, 7.84 mmol in 20 mL 

CH2C12)) was slowly added over 2 h, the reaction mixture was allowed to warm up to rt and 
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stirredd for another 2 h at this temperature. Then, the reaction mixture was slowly poured into 

ice-coldd HC1 (50 mL, 0.5M) and stirred at 0 °C for 30 min and the layers were separated. The 

aqueouss layer was extracted with EfeO (3 x 40 mL), the combined organic layers were washed 

withh aqueous saturated NaCl (50 mL), dried (MgSQ) and concentrated in vacuo. The crude 

productt was purified using column chromatography (EtOAc/PE 1:2) to afford20 (1.62 g, 5.55 

mmol,, 71%) as a white solid. R/ 0.25 (EtOAc/PE 1:2). Mp 91 °C. m NMR (200 MHz, CDCls) 5 

7.40-1.311 (m, 5H, Ar-H), 5.81-5.64 (m, 1H, CH=CH2), 5.46 (br d, ƒ = 8.1 Hz, 1H, NH), 5.16-5.03 

(m,, 4H, ArCH2 and CH=CH2), 4.81 (dd, ƒ = 7.0,13.5 Hz, 1H, NHCH), 3.79 (s, 3H, NOMe), 3.22 

(s,, 3H, NMe), 2.63-2.31 (m, 2H, CH2CH=CH2). »C NMR (50 MHz, CDCh) 8 171.6 

(CON(OMe)Me),, 155.7 (OCON), 136.1, 132.4, 128.2, 127.7 (Ar-C and CH=CH2), 118.5 

(CH=CH2),, 66.6 (ArCH2), 61.4 (NOMe), 50.3 (NHCH), 36.6 (CH2CH=CH2), 31.9 (NMe). IR v 

3308,, 2941,1719,1657. HRMS (EI+) calculated for Ci5H20N2O4 (M
+) 292.1423, found 292.1435. 

[l-(Methoxymethykarbamoyl)but-3-enyl]carbamicc acid benzyl ester  (20) two-step 

proceduree from 19 To a solution of methyl ester 19 (104 mg, 0.40 mmol) in EtOH (5 mL), KOH 

wass addeded (56 mg, 1.40 mmol) and reaction mixture was stirred for 2 h at rt. Then, 

saturatedd aqueous NHjCl (5 mL) was added and the layers were separated. The aqueous 

phasee was extracted with EtOAc (3x5 mL), the combined organic layers were dried (MgSO) 

andd concentrated in vacuo to afford the carboxylic acid (97 mg, 0.39 mmol, 98%). Rf 0.37 

(CH2Cl2/MeOHH 90:10,1% AcOH). m NMR (400 MHz, CDCb) 5 7.41-7.31 (m, 5H, Ar-H), 5.78-

5.633 (m, 1H, CH=CH2), 5.25 (br d, ƒ = 7.37 Hz, 1H, NH), 5.19-5.06 (m, 4H, ArCH2 and 

CH=CH2),, 4.51-4.48 (m, 1H, NHCH), 2.68-2.48 (m, 2H, CH2CH=CH2). «C NMR (100 MHz, 

CDCI3)) 5 175.6 (C02H), 155.8 (OCON), 135.9, 131.5, 128.4, 128.1, 128.0 (Ar-C and CH=CH2), 

119.77 (CH=CH2), 67.1 (OCH2), 52.9 (NHCH), 36.2 (CH2CH=CH2). The carboxylic acid (210 mg, 

0.844 mmol) was dissolved in CH2C12 (10 mL), N,N-diisopropylethylamine (0.17 mL, 1.01 

mmol),, N,0-dimethylhydroxylamineHCl (98 mg, 1.01 mmol), 1,3-diisopropylcarbodiimide 

(0.166 mL, 1.01 mmol) and 1-hydroxybenzotriazole (14 mg, 0.08 mmol) were added and the 

reactionn mixture was stirred for 5 h at rt. Then, aqueous HC1 (10 mL, 3N) was added and the 

layerss were separated. The organic phase was washed with NaHCQ (2 x 10 mL), aqueous 

saturatedd NaCl (10 mL) dried (MgSOj) and concentrated in vacuo. The crude product was 

purifiedd using column chromatography (EtOAc/PE 1:2) to afford20 (150 mg, 0.52 mmol, 62%) 

ass a white solid, which was identical to the product directly obtained forml9. 

? M e Me e 

HN'^f]^N"OMe e 
Cbzz O 

[Methoxy(methoxymethylcarbamoyl)methyl]carbamicc acid benzyl ester 

(21)) from 16 AlMe3 (0.6 mL, 1.2 mmol, 2M in hexanes) was slowly added 

too N,0-dimethylhydroxylamineHCl (116 mg, 1.19 mmol) in CH2C12 (5 

mL)) at 0 °C, the reaction mixture was allowed to warm up to rt and 
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stirredd for 1 h at rt. The reaction mixture was cooled to 0 °C,16 (102 mg, 0.40 mmol in 5 mL 

CH2CI2)) was slowly added over 2 h, the reaction mixture was allowed to warm up to rt and 

stirredd for another 2 h at this temperature. Then, the reaction mixture was slowly poured into 

ice-coldd HC1 (5 mL, 0.5M) and stirred at 0 °C for 30 min and the layers were separated. The 

aqueouss layer was extracted with Et20 ( 3 x5 mL), the combined organic layers were washed 

withh aqueous saturated NaCl (5 mL), dried (MgSCX) and concentrated in vacuo. The crude 

productt was purified using column chromatography (EtOAc/PE 1:1) to afford 21 (92 mg, 0.33 

mmol,, 81%). R, 0.32 (EtOAc/PE 1:1). 'H NMR (400 MHz, CDCI3) 8 7.34-7.26 (m, 5H, Ar-H), 

6.266 (br s, 1H, NH), 5.77-5.74 (m, 1H, CH), 5.13 (s, 2H, OCH2), 3.75 (s, 3H, NOMe), 3.43 (s, 3H, 

OMe),, 3.19 (NMe). " C NMR (100 MHz, CDCb) 5 170.0 (CON(OMe)Me), 155.8 (OCON), 135.8, 

128.3,128.0,127.88 (Ar-C), 85.2 (NHCH), 66.8 (OCH2), 61.5 (NOMe), 55.0 (OMe), 31.9 (NMe). IR 

vv 3310, 3032, 2940, 1724, 1681. HRMS (FAB+) calculated for G s H ^ Os (M+ + H) 283.1294, 

foundd 283.1309. 

[l-(Methoxymethylcarbamoyl)but-3-enyl]carbamicc acid benzyl ester  (20) from 21N,Oacetal 

211 (100 mg, 0.35 mmol), allyltrimethylsilane (113 uL, 0.71 mmol) and BF3-OEt2 (90 uL, 0.71 

mmol)) were dissolved in CH2CI2 (5 mL) and the reaction mixture was stirred for 18 h at rt. 

Then,, saturated aqueous NaHCCb (5 mL) was added and the layers were separated. The 

aqueouss layer was extracted with CH2CI2 ( 2 x 5 mL), the combined organic layers were 

washedd with aqueous saturated NaCl (5 mL), dried (MgSQi) and concentrated in vacuo. The 

crudee product was purified using column chromatography (EtOAc/PE 1:2) to afford 20 (92 

mg,, 0.32 mmol, 89%) as a white solid, which was identical to the product obtained froml9. 

0 M ee 2,2,N-Trimethoxy-N-methylacetamide (23) Methyl glyoxylate methyl 

^ L N ^^ hemiacetal (2.0 g, 16.7 mmol), trimethyl orthoformate (5.47 mL, 50.0 

XX mmol) and pTsOH (635 mg, 3.33 mmol) were dissoloved in MeOH (15 

mL)) and heated to reflux temperature for 3 h. Then, saturated aqueous 

NaHC033 (10 mL) and Et20 (10 mL) were added and the layers were separated. The aqueous 

layerr was extracted with Et20 (2 x 10 mL), the combined organic layers were dried (MgSQj) 

andd concentrated in vacuo to afford the corresponding dimethyl acetal (1.81 g, 13.6 mmol, 81%) 

ass a colorless oil. ^H NMR (400 MHz, CDCb) 8 4.77 (s, 1H, CH), 3.75 (s, 3H, C02Me), 3.37 (s, 

6H,, CH(OCH5)2. AlMe3 (4.66 mL, 9.33 mmol, 2M in hexanes) was slowly added to N.O-

dimethylhydroxylamineHCll  (910 mg, 9.33 mmol) in CH2CI2 (5 mL) at 0 °C, the reaction 

mixturee was allowed to warm up to rt and stirred for 1 h at rt. The reaction mixture was 

cooledd to 0 °C, the dimethyl acetal (500 mg, 3.73 mmol in 4 mL CH2CI2) was slowly added 

overr 2 h, the reaction mixture was allowed to warm up to rt and stirred for another 2 h at this 

temperature.. Then, the reaction mixture was slowly poured into ice-cold HC1 (5 mL, 0.5M) 
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andd stirred at 0 °C for 30 min and the layers were separated. The aqueous phase was extracted 

withh Et20 ( 2 x5 mL), the combined organic phases were washed with aqueous, saturated 

NaCll  (5 mL), dried (MgS04) and concentrated in vacuo to afford 23 (517 mg, 0.32 mmol, 85%) 

ass a colorless oil. 'H NMR (400 MHz, CDCh) 6 5.17 (s, 1H, CH), 3.69 (s, 3H, NOMe), 3.39 (s, 

6H,, CH(OCH3)2), 3.17 (s, 3H, NMe). 

OEtt 2,2-Diethoxy-N-methoxy-N-methylacetamide (24) Methyl glyoxylate 

^ i w ^^ methyl hemiacetal (3.0 g, 25.0 mmol), triethyl orthoformate (12.5 mL, 750 

^^ ' mmol) and pTsOH (951 mg, 5.00 mmol) were dissoloved in EtOH (30 

mL)) and heated to reflux temperature for 5 h. Then, saturated aqueous 

NaHC033 (30 mL) and Et20 (50 mL) were added and the layers were separated. The aqueous 

layerr was extracted with Et20 (2 x 10 mL), the combined organic layers were dried (MgSQ) 

andd concentrated in vacuo to afford the corresponding diethyl acetal (3.86 g, 22.2 mmol, 89%) 

ass a colorless oil. 'H NMR (400 MHz, CDCb) 5 4.89 (s, 1H, CH), 4.23 (q, / = 7.1 Hz, 2H, 

C02CH2),, 3.70-3.60 (m, 4H, 2 x OCH2CH3), 1.29 (t, ƒ = 7.1 Hz, 3H, C02CH2CH3), 1.24 (t, ƒ = 7.0 

Hz,, 2 x OCH2CH3). AlMe3 (21 mL, 42.0 mmol, 2M in hexanes) was slowly added to N,0-

dimethylhydroxylamineHCll  (4.10 g, 42.0 mmol) in CH2C12 (50 mL) at 0 °C, the reaction 

mixturee was allowed to warm up to rt and stirred for 1 h at rt. The reaction mixture was 

cooledd to 0 °C, the diethyl acetal (3.65 g, 21.0 mmol in 20 mL CHC12) was slowly added over 2 

h,, the reaction mixture was allowed to warm up to rt and stirred for another 2 h at this 

temperature.. Then, the reaction mixture was slowly poured into ice-cold HC1 (50 mL, 0.5M) 

andd stirred at 0 °C for 30 min and the layers were separated. The aqueous phase was extracted 

withh Et20 (2 x 20 mL), the combined organic phases were washed with aqueous, saturated 

NaCll  (50 mL), dried (MgS04) and concentrated in vacuo. The crude product was purified 

usingg column chromatography (EtOAc/PE 2:1) to afford 24 (3.35 g, 17.5 mmol, 84%) as a 

colorlesss oil. 'H NMR (400 MHz, CDCh) 8 5.31 (s, 1H, CH), 3.72 (s, 3H, NOMe), 3.69 (q, ƒ = 7.1 

Hz,, 4H, 2 x OCH2CH3), 3.19 (s, 3H, NMe), 1.23 (t, ƒ = 7.1 Hz, 6H, 2 x OCH2CH3). 

But-2-enedioicc acid bis(methoxymethylamide) (26) Fumaryl 

MeCXX - J ^ ^ ^ ^ N 6 chloride (6.0 mL, 55.5 mmol) and N,0-

MeMe T O M e dimethylhydroxylamineHCl (13.5 g, 13.8 mmol) in CH2C12 (50 

mL)) were cooled to 0 °C and pyridine (22.5 mL, 278 mmol) was 

carefullyy added to the reaction mixture. The resulting dark purple reaction mixture was 

allowedd to warm up to rt and stirred for 18 h at this temperature. Saturated aqueous NHC1 

(500 mL) was added and the layers were separated, the aqueous phase was extracted several 

timess with CH2C12 (20 mL) until the organic phase was colorless. The combined organic layers 

weree dried (MgS04), concentrated in vacuo and purified using column chromatography 
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(EtOAc/PE,, 1:1->1:0) to afford bis-Weinreb amide 26 (8.29 g, 41.0 mmol, 73%). ]H NMR (400 

MHz,, CDC13) 5 7.40 (s, 2H, HC=CH), 3.66 (s, 6H, OMe), 3.20 (s, 6H, NMe). 13C NMR (100 MHz, 

CDCI3)) 5 165.0 (CO), 130.2 (HC=CH), 61.9 (OMe), 32.1 (NMe). IR v 2971, 1640. HRMS (FAB+) 

calculatedd for C3H15N2O4 (M+ + H) 203.1032, found 203.1053. 

2-Hydroxy-2,N-dimethoxy-JV-methylacetamidee (22) Di-Weinreb amide 26 

(4.555 g, 22.5 mmol) was dissolved in CHzCk/MeOH (75 mL, 1:1) and 

cooledd to -78 °C. O3 was bubbled through the cold solution untill the 

reactionn mixture turned blue, then some O was bubbled through untill 

thee reaction mixture turned colorless again and a large excess of S(CHj)2 (17 mL, 230 mmol) 

wass added. The solution was allowed to warm up to rt and stirred for 18h. The solvents were 

concentratedd in vacuo and the resulting hemiacetal 22 (8.03 g, 42.6 mmol, 95% of a 1:0.5 

mixturee of 22 and DMSO) was used without further purification. JH NMR (400 MHz, CDCI3) 8 

5.188 (s, 1H, CH), 4.41 (br s, 1H, OH), 3.73 (s, 3H, NOMe), 3.44 (s, 3H, OMe), 3.21 (s, 3H, NMe), 

2.588 (s, 6H, DMSO). " C NMR (100 MHz, CDCI3) 5 168.8 (CO), 90.41 (CH), 61.5 (NOMe), 54.6 

(OMe),, 40.8 (DMSO), 32.3 (NMe). IR v 3452, 2941,1667. 

[Methoxy(methoxymethylcarbamoyl)methyl]carbamicc acid benzyl ester  (21) from benzyl 

carbamatee Benzyl carbamate (200 mg, 1.32 mmol) and hemiacetal 22 (591 mg, 3.97 mmol) in 

CH2CI22 (7.5 mL) were heated to reflux temperature. The reflux condensor was placed on top 

off  a pressure-equalizing dropping funnel filled with 4A MS. After refluxing for 18 h the 

solventt was evaporated to obtain the crude N,0-hemiacetal 27, which was dissolved in MeOH 

(7.55 mL). A catalytic amount of pTsOH (50.0 mg, 0.26 mmol) was added, the solution was 

stirredd for 18 h at rt and concentrated in vacuo. The residue was dissolved in CH2CI2, washed 

withh a saturated aqueous NaHCO solution (15 mL), a saturated aqueous NaCI solution (15 

mL),, dried (MgSQt) and concentrated in vacuo. The crude product was purified using column 

chromatographyy (EtOAc/PE 1:1) to afford 21 (349 mg, 1.24 mmol, 94%) as a white solid, 

whichh was identical to the product obtained from 16. 

Generall  procedure A for  the addition of organometallic reagents to Weinreb amide 20 

Weinrebb amide 20 was dissolved in Et20/THF (1:1) and cooled to 0 °C. The indicated 

Grignardd reagent was added; the reaction mixture was allowed to warm-up to rt and 

monitoredd with TLC. Upon completion, the reaction mixture was cooled to 0 °C and quenched 

byy the slow addition of saturated aqueous NH4CI. The mixture was diluted with EtOAc, 

filteredd through Celite® and the residue was washed with EtOAc. The combined organic 

layerss were dried (MgS04), concentrated in vacuo and purified using column chromatography 

(EtOAc/PEE 1:2). 

MeO O 
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(l-Acetylbut-3-enyl)carbamicc acid benzyl ester  (28a) Weinreb amide 20 (201 

mg,, 0.68 mmol) and MeMgBr (690 uL, 2.07 mmol, 3M in Et20) in Et20/THF 

(1:1,, 5 mL) were reacted for 18 h according to general procedure A to afford 

28aa (165 mg, 0.67 mmol, 97%) as a pale yellow oiL R, 0.35 (EtOAc/PE 1:2). iH 

NMRR (200 MHz, CDC13) 5 7.31-7.42 (m, 5H, Ar-H), 5.76-5.50 (m, 2H, NH and CH=CH2), 5.19-

5.033 (m, 4H, ArCH2 and CH=CH2), 4.45 (dd, ƒ = 5.8, 12.4 Hz, IH, NHCH), 2.74-2.38 (m, 2H, 

CH2CH=CH2),, 2.21 (s, 3H, Me). «C NMR (50 MHz, CDCI3) 8 205.5 (COMe), 155.5 (OCON), 

136.0,, 131.6, 128.3, 127.9, 127.8 (Ar-C and CH=CH2), 119.1 (CH=CH2), 66.7 (ArCH2), 59.4 

(NHCH),, 35.4 (CH2CH=CH2), 26.9 (Me). IR v 3335, 2951,1711. 

(l-Propionylbut-3-enyl)carbamicc acid benzyl ester  (28b) Weinreb amide 20 

Ett (206 mg, 0.70 mmol) and EtMgBr (700 \xh, 2.10 mmol, 3M in Et20) in 

Et20/THFF (1:1, 5 mL) were reacted for 18 h according to general procedure A 

too afford 28a (162 mg, 0.62 mmol, 88%) as a pale yellow oiL R, 0.54 (EtOAc/PE 

1:2).. m NMR (200 MHz, CDCI3) 6 7.41-7.33 (m, 5H, Ar-H), 5.75-5.54 (m, 2H, NH and CH=CH-

2),2), 5.14-5.10 (m, 4H, ArCH2 and CH=CH2), 4.44 (dd, / = 6.4,12.4 Hz, IH, NHCH), 2.69-2.39 (m, 

4H,, CH2CH=CH2 and COCH,), 1.08 (t, ƒ = 7.2 Hz, 3H, CH3). «C NMR (50 MHz, CDCI3) 5 208.4 

(COCH2),, 155.5 (OCON), 136.1,131.8,128.3,127.9,127.8 (Ar-C and CH=CH2), 119.0 (CH=CH2), 

66.77 (ArCH2), 58.6 (NHCH), 35.8 (CH2CH=CH2), 33.0 (COCH2), 7.2 (CH3). IR v 3311, 2939,1711. 

HRMSS (FAB+) calculated for Ci5H20NO3 (M
+ + H) 262.1443, found 262.1450. 

(l-Allyl-2-oxopent-4-enyl)carbamicc acid benzyl ester  (28c) and (l-allyl-2-oxopent-3-

enyl)carbamicc acid benzyl ester  (28g) Weinreb amide 20 (203 mg, 0.69 mmol) and allylMgBr 

(2.800 mL, 2.80 mmol, 1M in Et20) in Et20/THF (1:1, 5 mL) were reacted for 18 h according to 

generall  procedure A. Quick chromatographic purification by a short column, afforded 28c 

(1622 mg, 0.59 mmol, 86%) together with the isomerized ex,p-unsaturated ketone 28g (19 mg, 

0.077 mmol, 10%) both as pale yellow oils. Slow chromatographic purification on a long 

columnn shifted the ratio of compounds to exclusively 28g. 

Dataa for 28c: R/ 0.62 (EtOAc/PE 1:2). m NMR (200 MHz, CDCI3) 8 7.41-

7.333 (m, 5H, Ar-H), 6.05-5.40 (m, 3H, NH and 2 x CH=CH2), 5.25-5.05 (m, 

6H,, ArCH2 and 2 x CH=CH2), 4.53-4.50 (m, IH, NHCH), 3.29 (d, ƒ = 6.7 

Hz,, 2H, COCH2), 2.75-2.35 (CH2CH=CH2).
 13C NMR (50 MHz, CDCI3) 5 

205.77 (COCH2), 155.5 (OCON), 136.0, 131.6,129.2, 128.3, 128.0, 127.8 (Ar-C and 2 x CH=CH2), 

119.22 (2 x CH=CH2), 66.8 (ArCH2), 58.5 (NHCH), 44.5 (COCH2), 35.5 (CH2CH=CH2). 
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Dataa for 28g:  JH NMR (200 MHz, CDCb) 5 7.44-7.27 (m, 5H, Ar-H), 7.14-

6.933 (m, 1H, CH=CHCH3), 6.21 (dd, ƒ = 2.5, 20.6 Hz, 1H, CH=CHCH3), 5.76-

5.511 (m, 1H, CH=CH2), 5.18-4.99 (m, 5H, NH, ArCH2 and CH=CH2), 4.65 

(dd,, ƒ = 7.7, 12.9 Hz, NHCH), 2.76-2.28 (m, 2H, CH2CH=CH2), 1.92 (dd, ƒ = 

2.5,, 6.2 Hz, 3H, CH=CHCH3).
 13C NMR (100 MHz, CDCb) 6 196.4 (COCH), 155.6 (OCON), 

145.2,, 136.2, 131.7, 128.2, 128.0, 127.9, 127.8 (Ar-C, CH=CH and CH=CH2), 118.9 (CH=CH2), 

66.77 (OCH2), 59.7 (NHCH),, 36.3 (CH2CH=CH2), 18.4 (CH=CHCH3). IR v 3099, 2993,1702,1632, 

1510,, 1257, 1046, 920. HRMS (FAB+) calculated for Ci6H20NO3 (M+ + H) 274.1443, found 

274.1437. . 

[l-(3-Phenylpropynoyl)but-3-enyl]carbamicc acid benzyl ester  (28d) 

Weinrebb amide 20 (203 mg, 0.69 mmol) and PhC-ECMgCl (2.1 mL, 

2.100 mmol, 1M in THF) in EfeO/THF (1:1, 5 mL) were reacted for 18 h 

accordingg to general procedure A to afford 28d (193 mg, 0.57 mmol, 

83%)) as a pale yellow oil. R, 0.33 (EtOAc/PE 1:2). ^H NMR (200 MHz, 

CDC13)) S 757-7.26 (m, 10H, Ar-H), 5.78-5.65 (m, 1H, CH=CH2), 5.54 (br d, ƒ = 7.7 Hz, 1H, NH), 

5.21-5.111 (m, 4H, ArCH2 and CH=CH2), 4.66 (dd, ƒ = 6.3, 13.2 Hz, 1H, NHCH), 2.81-2.66 (m, 

2H,, CH2CH=CH2). »C NMR (50 MHz, CDCb) 5 185.3 (COC), 155.6 (OCON), 136.0, 133.0, 

131.5,, 131.5, 131.0, 128.5, 128.3, 127.9, 127.8 (Ar-C and CH=CH2), 119.5, 119.2 (Ar-C and 

CH=CH2),, 94.6, 85.8 (2 x C=C), 66.8 (ArCH2), 60.6 (NHCH), 35.6 (CH2CH=CH2). IR v 3331, 

3065,, 3034, 2954, 2201,1714,1682. HRMS (FAB+) calculated for C21H20NO3 (M
+ + H) 334.1443, 

foundd 334.1444. 

(l-Isobutyrylbut-3-enyl)carbami cc acid benzyl ester  (28e) Weinreb amide 20 

(2055 mg, 0.70 mmol) and iPrMgCl (1.10 mL, 2.20 mmol, 2M in EfcO) in 

Et20/THFF (1:1, 5 mL) were reacted for 40 h according to general procedure A 

too afford 28e (70 mg, 0.25 mmol, 36%) as a pale yellow oil Rf 0.33 (EtOAc/PE 

1:2).. W NMR (200 MHz, CDCb) 5 7.41-7.33 (m, 5H, Ar-H), 5.71-5.49 (m, 2H, NH and 

CH=CH2),, 5.13-5.05 (m, 4H, ArCH2 and CH=CH2), 4.62 (dd, ƒ = 5.8,13.2 Hz, 1H, NHCH), 2.89-

2.799 (m, 1H, CH(CH3)2), 2.75-2.34 (m, 2H, CH2CH=CH2), 1.15 (d, ƒ = 7.0 Hz, 3H, CH3), 1.09 (d, ƒ 

== 6.7 Hz, 3H, CH3). »C NMR (50 MHz, CDCL) 5 211.6 (COCH), 155.4 (OCON), 136.1, 131.8, 

128.3,, 127.9, 127.8 (Ar-C and CH=CH2), 119.0 (CH=CH2), 66.6 (ArCHz), 57.1 (NHCH), 37.6 

(COCH),, 35.8 (CH2CH=CH2), 18.8,17.1 (CH3). IR v 3322, 2973, 1710. HRMS (FAB+) calculated 

forr CioHaNOs (M+ + H) 276.1600, found 276.1593. 
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(l-Cyclopentanecarbonylbut-3-enyl)carbamicc acid benzyl ester  (28f) 

Weinrebb amide 20 (200 mg, 0.68 mmol) and cPentMgCl (1.03 mL, 2.06 

HN^^ mmol, 2M in EfeO) in Et20/THF (1:1, 5 mL) were reacted for 70 h 

Cbzz O according to general procedure A to afford 28f (49 mg, 0.16 mmol, 24%) as 

aa pale yellow oil. R, 0.62 (EtOAc/PE 1:2). 'H NMR (200 MHz, CDC13) 5 7.41-7.33 (m, 5H, Ar-

i l ) ,, 5.71-5.50 (m, 2H, NH and CH=CH2), 5.13-5.05 (m, 4H, ArCH2 and CH=CH2), 4.52 (dd, ƒ = 

5.8,, 13.0 Hz, 1H, NHCH), 3.12-2.95 (m, 1H, COCH), 2.69-2.37 (m, 2H, CH2CH=CH2), 1.96-1.40 

(m,, 8H, (CH2)4). »C NMR (50 MHz, CDCI3) 5 210.7 (COCH), 155.5 (OCON), 136.1,131.9,128.3, 

127.9,, 127.8 (Ar-C and CH=CH2), 119.0 (CH=CH2), 66.6 (ArCH2), 58.3 (NHCH), 48.1 (COCH), 

35.66 (CH2CH=CH2), 30.4, 28.1, 25.9, 25.8 ((CH2)4). IR v 3321, 2964, 1715. HRMS (FAB+) 

calculatedd for Ci8H24N03 (M
+ + H) 302.1756, found 302.1745. 

X \\ (2-Oxocyclopent-3-enyl)carbamic acid benzyl ester  (29) Diene 28g (33 mg, 122 

// umol) was dissolved in toluene (2 mL) and degassed with argon. 

Cbzz ° Cl2(PCy3)2Ru=CHPh (5 mg, 6 umol) was added and the reaction mixture was 

stirredd for 18 h at 40 °C. Then, to quench the reaction air was bubbled through 

thee solution, the reaction mixture was concentrated in vacuo and purified using column 

chromatographyy (EtOAc/PE 2:1) to afford 29 (19 mg, 82 umol, 67%) as a brown oil. R, 0.25 

(EtOAc/PEE 2:1). 'H NMR (400 MHz, CDCb) 8 7.67 (br s, 1H, COCH=CH), 7.47-7.33 (m, 5H, 

Ar-H) ,, 6.25 (d, ƒ = 5.6 Hz, 1H, COCH=CH), 5.33 (br s, 1H, NH), 5.11 (s, 2H, ArCH,), 4.06 (br s, 

1H,, NHCH), 3.25-3.19 (m, 1H, CH2CH=CH), 2.65 (br d, ƒ = 18.6 Hz, 1H, CH2CH=CH). "C 

NMRR (50 MHz, CDCI3) 6 205.6 (COCH=CH), 162.2 (COCH=CH), 156.4 (OCON), 136.1, 132.2, 

128.5,128.2,128.11 (Ar-C and COCH=CH), 67.1 (ArCH2), 54.9 (NHCH), 37.0 (CH2CH=CH). IR v 

3330,, 1710, 1525, 1257. HRMS (FAB+) calculated for C13H14NO3 (M+ + H) 232.0974, found 

232.0972. . 

(l-Formylbut-3-enyl)carbamicc acid benzyl ester  (30) Weinreb amide 20 (242 

mg,, 0.83 mmol) was dissolved in EfeO (5 mL), LiAlL L (160 mg, 4.22 mmol) was 

addedd and the reaction mixture was stirred for 15 min at rt. Then, the mixture 

wass cooled to 0 °C and the reaction was quenched by the addition of aqueous 

KHSO44 (15 mL, 3.5M), the the layers were separated, the aqueous layer was extracted with 

Et200 (2 x 10 mL). The combined organic layers were washed with aqueous HC1 (2 x 10 mL, 

3N),, saturated aqueous NaHCQ) (2 x 10 mL), saturated aqueous NaCl (10 mL), dried (MgSQ,) 

andd concentrated in vacuo. The resulting crude product was purified using column 

chromatographyy (EtOAc/PE 1:2) to afford 30 (81 mg, 0.35 mmol, 42%) as a colorless oil. R/ 

0.244 (EtOAc/PE 1:1). 'H NMR (200 MHz, CDCI3) 5 9.61 (s, 1H, CHO), 7.37-7.31 (m, 5H, Ar-H), 

6.20-5.755 (m, 1H, CH=CH2), 5.33 (br s, 1H, NH), 5.18-5.02 (m, 4H, ArCH2 and CH=CH2), 4.39-
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4.300 (m, 1H, NHCH), 2.70-2.45 (m, 2H, CH2CH=CH2). " C NMR (50 MHz, CDC13) 5 198.7 

(CHO),, 155.7 (OCON), 135.8, 131.4, 128.5, 128.3, 127.8 (Ar-C and CH=CH2), 119.5 (CH=CH2), 

66.99 (ArCH2), 59.1 (NHCH), 33.4 (CH2CH=CH2). 

Generall  procedure B for  the addition of organometallic reagents to ketone 28a Ketone 28a 

wass dissolved in THF and cooled to -78 °C. The indicated Grignard reagent was added; the 

reactionn mixture was vigorously stirred and monitored with TLC. Upon completion, the 

reactionn was quenched by the slow addition of aqueous NH4CI (5%). Then, the mixture was 

extractedd with CH2C12 (2 x). The combined organic layers were washed with aqueous NHC1 

(3%),, aqueous saturated NaCl, dried (MgSQi), concentrated in vacuo and purified using 

columnn chromatography (EtOAc/PE 1:2, 2:3 or . 

,Me e 
Me e 

[l-(l-Hydroxy-l-methylethyl)but-3-enyl]carbami cc acid benzyl ester  (31a) 

Ketonee 28a (106 mg, 0.43 mmol) and MeMgBr (0.5 mL, 1.50 mmol, 3M in EfeO) 

inn THF (3 mL) were reacted for 10 min according to general procedure B to 

Cbzz OH a f f o r d 3 1a (81 m g / 0.31 mmol, 72%) as a colorless oil. R, 0.21 (EtOAc/PE 2:3). 

mm NMR (400 MHz, CDCb) 5 7.63-7.26 (m, 5H, Ar-H), 5.88-5.75 (m, 1H, CH=CH2), 5.15-5.00 

(m,, 5H, NH, ArCH, and CH=CH2), 3.61 (dt, ƒ = 3.2, 9.9 Hz, 1H, NHCH), 2.55-2.38 (m, 1H, 

CH2CH=CH2),, 2.15-2.06 (m, 1H, CH2CH=CH2), 1.22 (d, ƒ = 3.7 Hz, 6H, 2 x Me). »C NMR (100 

MHz,, CDCh) 8 157.0 (OCON), 136.5, 135.1, 128.4, 128.0, 127.8 (Ar-C and CH=CH2), 117.3 

(CH=CH2),, 72.8 (CHC), 66.7 (ArCH2), 58.8 (NHCH), 34.6 (CH2CH=CH2), 27.3, 26.3 (2 x Me). IR 

vv 3421, 3335, 2978, 1687. HRMS (FAB+) calculated for C,5H22N03 (M+ + H) 264.1600, found 

264.1600. . 

>Et t 

Me e 

[l-(l-Hydroxy-l-methylpropyl)but-3-enyl]carbami cc acid benzyl ester  (31b) 

Ketonee 28a (107 mg, 0.43 mmol) and EtMgBr (0.5 mL, 1.50 mmol, 3M in EfeO) 

inn THF (3 mL) were reacted for 15 min according to general procedure B to 

affordd 31b (99 mg, 0.36 mmol, 82%) as one single diastereoisomer as a 

colorlesss oil. Rf 0.18 (EtOAc/PE 1:2). W NMR (200 MHz, CDCh) 8 7.41-7.29 (m, 5H, Ar-H), 

5.95-5.222 (m, 1H, CH=CH2), 5.18-5.00 (m, 4H, ArCH2 and CH=CH2), 4.90 (br d, ƒ = 8.6 Hz, 1H, 

NH),, 3.69 (dd, ƒ = 3.5, 9.6 Hz, 1H, NHCH), 2.55-2.39 (m, 1H, CH2CH=CH2), 2.24-2.04 (m, 1H, 

CH2CH=CH2),, 1.68-1.43 (m, 2H, CH2CH3), 1.16 (s, 3H, Me), 1.00-0.85 (m, 3H, CH2CH3). »C 

NMRR (50 MHz, CDCh) 8 156.8 (OCON), 136.4, 135.1, 128.2, 127.8, 127.7 (Ar-C and CH=CH2), 

117.00 (CH=CH2), 74.7 (CHC), 66.5 (ArCH2), 56.8 (NHCH), 34.5 (CH2CH=CH2), 32.2 (CH2CH3), 

23.33 (Me), 7.8 (CH2CH3). IR v 3443, 2974, 1714, 1680. HRMS (FAB+) calculated for G6H2 4N03 

(M++ + H) 278.1756, found 278.1757. 
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(l-Allyl-2-hydroxy-2-methylpent-4-enyl)carbamicc acid benzyl ester (31c) 

Ketonee 28a (194 mg, 0.79 mmol) and allylMgBr (0.87 mL, 1.74 mmol, 2M in 

MM Et2Ü) in THF (5 mL) were reacted for 30 min according to general procedure 

BB to afford 31c (203 mg, 0.70 mmol, 89%) as a 70:30 mixture of two 

diastereoisomerss as a colorless oiL R/ 0.28 (EtOAc/PE 1:2). JH NMR (400 MHz, CDCLi) 5 7.38-

7.288 (m, 5H, Ar-H), 5.95-5.74 (m, 2H, 2 x CH=CH2), 5.72-5.65 (m, 1H, CH=CH2, minor), 5.20-

5.000 (m, 7H, ArCH2, NH and 2 x CH=CH2), 4.91 (br d, ƒ = 9.3 Hz, 1H, NHGH), 4.86 (br d, ƒ = 

9.22 Hz, 1H, NHCH, minor), 2.65-2.03 (m, 4H, 2 x CH2CH=CH2), 1.18 (s, 3H, Me). «C NMR (50 

MHz,, CDCI3) 5 156.7 (OCON), 136.3, 134.9, 133.1, 128.2, 127.8, 127.7 (Ar-C and 2 x CH=CH2), 

118.99 (CH=CH2, minor) 118.8, 117.2 (2 x CH=CH2), 74.1 (CHC), 66.6 (ArCH2), 57.5 (NHCH, 

minor),, 57.2 (NHCH), 44.1, 43.7, 34.4, 34.1 (2 x CH2CH=CH2 and 2 x CH2CH=CH2, minor), 24.0 

(Me,, minor) 23.5 (Me). IR v 3418, 3074, 2978, 1695. HRMS (FAB+) calculated for Ci7H24N03 

(M++ + H) 290.1756, found 290.1730. 

[l-(l-Hydroxy-l-methyl-3-phenylprop-2-ynyl)but-3-enyl]carbamic c 

acidd benzyl ester (31d) Ketone 28a (103 mg, 0.42 mmol) and 

PhC=CMgBrr (2.00 mL, 2.00 mmol, 1M in THF) in THF (3 mL) were 

PMee reacted for 60 h at reflux temperature according to general procedure 
C b zz O H B to afford 31d (13 mg, 0.04 mmol, 9%) as a 79:21 mixture of 

diastereoisomers,, trans-32 (48 mg, 0.19 mmol, 53%) and ris-32 (11 mg, 0.05 mmol, 12%) all as 

colorlesss oils. Data for 31d: Rf 0.35 (EtOAc/PE 1:2). iH NMR (400 MHz, CDCI3) 8 7.57-7.28 (m, 

10H,, Ar-H), 5.89-5.76 (m, IH , CH=CH2), 5.76-62 (m, IH, CH=CH2, minor), 5.20-5.05 (m, 4H, 

ArCH22 and CH=CH2), 5.01 (br s, IH , NH, minor), 4.81 (br s, IH, NH), 4.05-3.83 (m, IH, 

NHCH),, 2.86-2.77 (m, 2H, CH2CH=CH2), 2.77-2.58 (m, 2H, CH2CH=CH2, minor), 1.61 (s, 3H, 

Me,, minor) 1.58 (s, 3H, Me). Data for trans-32: m NMR (400 MHz, CDCb) 6 7.44-7.29 (m, 5H, 

Ar-H) ,, 6.47 (br s, IH , NH), 5.84-5.73 (m, IH, CH=CH2), 5.24-5.19 (m, 2H, CH=CH2), 4.06 (dd, ƒ 

== 4.5, 9.6 Hz, IH , NH2CH), 2.47-2.23 (m, 2H, CH2CH=CH2), 1.69 (s, 3H, Me). 13C NMR (100 

MHz,, CDCI3) 5 157.8 (OCON), 132.4, 131.5, 128.7, 128.2, 121.3 (Ar-C and CH=CH2), 119.2 

(CH=CH2),, 87.9, 85.7 (2 x C=C), 77.7 (CHC), 61.4 (NH2CH), 34.6 (CH2CH=CH2), 22.0 (Me). IR v 

3286,, 3054, 2970, 2219, 1747, 1492, 1379, 1309. HRMS (FAB+) calculated for Q5Hi 6N02 (M+ + 

H)) 242.1181, found 242.1185. Data for ds-32: iH NMR (400 MHz, CDCL) 5 7.46-7.31 (m, 5H, 

Ar-H) ,, 5.87-5.76 (m, 2H, CH=CH2 and NH), 5.26-5.20 (m, 2H, CH=CH2), 3.65 (dd, ƒ = 4.6, 9.0 

Hz,, IH , NH2CH), 2.65-2.46 (m, 2H, CH2CH=CH2), 1.81 (s, 3H, Me). »C NMR (100 MHz, 

CDCb)) 6 157.3 (OCON), 132.8,131.5,128.7,128.3,121.3 (Ar-C and CH=CH2), 119.4 (CH=CH2), 

88.7,, 84.7 (2 x C=C), 79.2 (CHC), 61.1 (NH2CH), 37.1 (CH2CH=CH2), 27.7 (Me). IR v 2945, 2235, 

1457,1490,1376,1258. . 
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[l-(l-Hydroxy-l,2-dimethylpropyl)but-3-enyl]carbami cc acid benzyl ester 

(311 e) Ketone 28a (104 mg, 0.42 mmol) and /'PrMgCI (1.2 mL, 2.40 mmol, 2M in 

HN'' ^[C. ."^ Et20) in THF (3 mL) were reacted for 15 min according to general procedure B 

Cbzz OH t0 afford 31e (28 mg, 0.10 mmol, 23%) as one single diastereoisomer as a 

colorlesss oil. Rj 0.18 (EtOAc/PE 1:2). 1H NMR (400 MHz, CDCb) 5 7.38-7.28 (m, 5H, Ar-H), 

5.88-5.766 (m, 1H, CH=CH2), 5.14-4.98 (m, 4H, ArCH2 and CH=CH2), 4.94 (br d, ƒ = 9.1 Hz, 1H, 

NH),, 3.82 (dd, ƒ = 3.4, 9.6 Hz, 1H, NHCH), 2.50-2.39 (m, 1H, CH2CH=CH2), 2.22-2.10 (m, 1H, 

CH2CH=CH2),, 1.94-1.82 (m, 1H, CCH), 1.06 (s, 3H, Me), 0.92 (dd, ƒ = 6.8, 12.7 Hz, 6H, 2 x 

CH(CH3)2). . 

(6-Hydroxy-6-methylcyclohex-3-enyl)carbamicc acid benzyl ester  (33) Diene 

HH f 31c (26 mg, 88 umol) was dissolved in CH2C12 (2 mL) and degassed with argon. 

HNN ^ ^ Cl2(PCy3)2Ru=CHPh (4 mg, 4 |amol) was added and the reaction mixture was 

Cbzz OH stirred for 24 h at rt. Then, to quench the reaction air was bubbled through the 

solution,, the reaction mixture was concentrated in vacuo and purified using column 

chromatographyy (EtOAc/PE 1:1) to afford31c (14 mg, 53 umol, 60%) as a 70:30 mixture of two 

diastereoisomers,, as a white solid. Rf 0.30 (EtOAc/PE 1:1). iH NMR (400 MHz, CDCI3) 8 7.37-

7.299 (m, 5H, Ar-H), 5.63-5.55 (m, 2H, CH=CH), 5.15-5.06 (m, 2H, ArCH2), 4.80 (br s, IH, NH), 

3.89-3.811 (m, IH, NHCH), 3.79-3.71 (m, IH, NHCH minor), 2.58-1.83 (m, 4H, CH2CH=CHCH2), 

1.266 (s, 3H, Me minor), 1.14 (s, 3H, Me). «C NMR (50 MHz, CDCI3) 5 155.3 (OCON) 136.0, 

128.3,128.0,127.99 (Ar-C), 125.4,123.6 (CH=CH), 71.0 (CHC), 66.9 (ArCH2), 54.2 (NHCH), 39.0, 

30.88 (CH2CH=CHCH2), 25.5 (Me). IR v 3415, 3331,1699,1535. 

(2-Bromoethoxycarbonylamino)methoxyaceticc acid methyl 
OO OMe 
00 1 Q M ester  35 2-Bromo ethyl carbamate (500 mg, 2.98 mmol) and 

methyll  hemiacetal methyl glyoxylate (1.07 g, 8.93 mmol) were 
HH O 

dissolvedd in CH2C12 (20 mL) and heated to reflux temperature. A 

refluxx condensor was placed on top of a pressure-equalizing dropping funnel filled with 4A 

MS.. After refluxing for 18 h the solvent was evaporated to obtain the crude N,0-hemiacetal, 

whichh was dissolved in MeOH (20 mL). A catalytic amount ofpTsOH (113 mg, 0.60 mmol) 

wass added, the solution was stirred for 18 h at rt and concentrated in vacuo. The residue was 

dissolvedd in CH2C12, washed with a saturated NaHCQ? solution (15 mL), a saturated NaCl 

solutionn (15 mL), dried (MgSQj) and concentrated in vacuo. The crude product was purified 

usingg column chromatography (EtOAc/PE, 1:1) to afford N,0-acetal 35 (740 mg, 2.74 mmol, 

92%).. Rf 0.31 (EtOAc/PE 1:1). 'H NMR (400 MHz, CDCI3) 5 5.99 (br d, ƒ = 7.6 Hz, IH , NH), 

5.300 (d, ƒ = 9.4 Hz, NHCH), 4.40 (t, ƒ = 5.9 Hz, OCH2), 3.80 (s, 3H, OMe), 3.50 (t, ƒ = 6.0 Hz, 2H, 

BrCH2),, 3.44 (s, 3H, CC^Me). «C NMR (100 MHz, CDCI3) 5 167.6 (CQ2Me), OCON not app, 
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80.55 (NHCH), 64.7 (OCH2), 56.1 (OMe), 52.7 (CChMe), 28.5 (BrCH2). IR v 3358, 2952,1753,1716, 

1511,, 1334, 1211, 1089, 1009. HRMS (FAB+) calculated for C7Hi3BrN05 (M+ + H) 269.9977, 

foundd 269.9975. 

O M e M e e 

OMe e 

O O 

[Methoxy(methoxymethylcarbamoyl)methyl]carbamicc acid 

2-bromoethyll  ester  (36) 2-Bromo ethyl carbamate (100 mg, 

0.600 mmol) and hemiacetal 22 (177 mg, 1.20 mmol) were 

dissolvedd in CH2CI2 (5 mL) and heated to reflux temperature. 

AA reflux condensor was placed on top of a pressure-equalizing dropping funnel filled with 4A 

MS.. After refluxing for 18 h the solvent was evaporated to obtain the crude N,0-hemiacetal, 

whichh was dissolved in MeOH (3 mL). A catalytic amount of pTsOH (15 mg, 0.60 mmol) was 

added,, the solution was stirred for 18 h at rt and concentrated in vacuo. The residue was 

dissolvedd in CH2CI2, washed with a saturated NaHCQ) solution (5 mL), a saturated NaCl 

solutionn (5 mL), dried (MgS04) and concentrated in vacuo. The crude product was purified 

usingg column chromatography (EtOAc/PE, 2:1) to afford N,0-acetal 36 (104 mg, 0.35 mmol, 

58%).. R, 0.29 (EtOAc/PE 1:1). iH NMR (400 MHz, CDCh) 8 6.24 (br s, 1H, NH), 5.73 (d, ƒ = 9.3 

Hz,, NHCH), 4.39 (t, ƒ = 6.0 Hz, OCH2), 3.77 (s, 3H, NOMe), 3.50 (t, ƒ = 6.0 Hz, 2H, BrCH2), 3.42 

(s,, 3H, OMe), 3.22 (s, 3H, NMe). " C NMR (100 MHz, CDCh) 8 167.0 (CON(Me)OMe), 155.3 

(OCON),, 86.8 (NHCH), 64.4 (OCH2), 61.5 (NOMe), 55.1 (OMe), 31.5 (NMe), 28.6 (BrCH2). IR v 

3315,, 2954, 1728, 1666, 1523, 1229, 1073, 997, 852. HRMS (FAB+) calculated for GHi6BrN205 

(M++ + H) 299.0243, found 299.0236. 

(2-AcetylsulfanyIethoxycarbonylamino)methoxyacetic c 

OMee ac*r ï methyl ester  (37) Bromide 35 (2.0 g, 7.51 mmol) was 

dissolvedd in DMF (25 mL) and potassium thioacetate (1.02 

g,, 8.89 mmol) was added. The reaction mixture was stirred 

inn the dark for 18 h at rt. Then the reaction mixture was concentrated in vacuo, the residue was 

dissolvedd in EtOAc (25 mL) and aqueous HC1 (25 mL, 0.1 N) was added, the layers were 

separated,, the aqueous layer was extracted with EtOAc (2 x 25 mL) and the combined organic 

layerss were dried (MgSQt) and concentrated in vacuo. The resulting crude product was 

purifiedd using column chromatography (EtOAc/PE 1:1) to afford37 (1.85g, 7.43 mmol, 99%) 

ass a colorless oil. Rf 0.45 (EtOAc/PE 1:1). ]H NMR (400 MHz, CDCI3) 8 5.88 (br d, ƒ = 8.0 Hz, 

IH ,, NH), 5.29 (d, ƒ = 9.3 Hz, IH, NHCH), 4.19 (t, ƒ = 6.2 Hz, OCH2), 3.79 (s, 3H, OMe), 3.43 (s, 

3H,, C02Me), 3.12 (t, ƒ ƒ = 6.3 Hz, 2H, SCH2), 2.32 (s, 3H, Ac). «C NMR (100 MHz, CDCh) 8 194.5 

(Ac),, 167.7 (C02Me), 155.1 (OCON), 80.4 (NHCH), 63.6 (OCH2), 56.0 (OMe), 52.6 (C02Me), 30.2 

(Ac),, 27.8 (SCH2). IR v 3340, 2955, 1731, 1695, 1338,1217,1083,1008. HRMS (FAB+) calculated 

forr C9H,6N06S (M+ + H) 266.0698, found 266.0693. 
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Thioaceticc acid S-I2-
OMee M e 

NN [methoxy(methoxymethylcarbamoyl)methylcarbamoyl 

" O M ee oxyjethyl) ester  (38) Bromide 36 (500 mg, 1.67 mmol) 

wass dissolved in DMF (7.5 mL) and potassium 

thioacetatee (240 mg, 2.09 mmol) was added. The reaction mixture was stirred in the dark for 

188 h at rt. Then, the reaction mixture was concentrated in vacuo, the residue was dissolved in 

EtOAcc (10 mL) and aqueous HC1 (10 mL, 0.1 N) was added, the layers were separated, the 

aqueouss layer was extracted with EtOAc (2 x 7.5 mL) and the combined organic layers were 

driedd (MgSQj) and concentrated in vacuo. The resulting crude product was purified using 

columnn chromatography (EtOAc/PE 1:1) to afford 38 (357 mg, 1.28 mmol, 77%) as a colorless 

oil.. Rf 0.24 (EtOAc/PE 1:1). 'H NMR (400 MHz, CDCh) S 6.15 (br s, 1H, NH), 5.69 (d, ƒ = 9.3 

Hz,, 1H, NHCH), 4.17 (t, ƒ = 6.2 Hz, 2H, OCH2), 3.74 (s, 3H, NOMe), 3.40 (s, 3H, OMe), 3.19 (s, 

3H,, NMe), 3.10 (d, ƒ = 6.2 Hz, 2H, SCH2), 2.31 (s, 3H, Ac). «C NMR (100 MHz, CDCb) 8 194.5 

(Ac),, 167.1 (CON(OMe)Me), 155.5 (OCON), 77.6 (NHCH), 63.5 (OCH2), 61.6 (NOMe), 55.1 

(OMe),, 30.3 (NMe), 28.0 (SCH2), 20.8 (Ac). IR v 3309, 2999, 1739, 1695, 1505, 1232, 1136, 1080, 

994. . 

Qv/£ £ 
nn ._... [Methoxy(methoxymethylcarbamoyl)methyl]carbamic 

__ 1̂1̂  JL N acid 2-sulfanylethyl resin (39) To a stirred solution of 

HH T e thioacetate 37 (85 mg, 0.34 mmol) in DMF (1 mL) was 

addedd pyrrolidine (28 uL, 0.34 mmol). After stirring for 

11 h at rt, Et3N (47 uL, 0.34 mmol) and Merrifield resin (100 mg, 0.17 mmol) were added and 

thee rection mixture was stirred for 18 h at rt. The suspension was filtered, the resin was 

washedd with DMF (1 mL), CH2C12 (1 mL), EtOH (1 mL, the last two steps were repeated four 

times)) and Et20 (2x1 mL). After drying in vacuo (50 °C) resin 39 was obtained. IR v 3437, 3315, 

1731. . 
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