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The chiral vinyllithium reagent (S)-lb,  readily generated 
from dibromoalkene (S)-la by bromine/lithium exchange, 
adds stereoselectively to mesitylsulfonylimines 2a-f so that 
the diastereomers 3 are obtained in a98 % d.e. after column 
chromatography. The bromoalkenes 3a-d are submitted to 
ozonolysis in methanol to give a-mesitylsulfonylamino esters 
(S)-8a-d which can be hydrolyzed to deliver N-protected a -  
amino acids in >95 '% e.e. On the other hand, a-mesitylsulfo- 
nylamino aldehydes 12a-d are available when bromoalke- 
nes 3a, d-f are first debrominated (-+ l la -d)  and subse- 
quently ozonized. In order to avoid reacemization, the alde- 
hydes 12a-d are not purified but submitted to a Mukaiyama- 

type aldol addition whereby hydroxyesters 15a-d are for- 
med as single diastereomers in a chelate-controlled reaction. 
The relative configuration of the esters 15a-d is proven by 
conversion into the oxazolidinones 16a-d whose optical pu- 
rity is determined to exceed 92 % e.e. by IH-NMR measure- 
ments in the presence of chiral shift reagents. The sulfonyl- 
imine 21a and a series of para-substituted derivatives 21b-h 
are also allowed to react with the vinyllithium reagent l b  to 
give mixtures of diastereomers 22/23. The logarithms of the 
diastereomeric ratios 22 :23 correlate with Hammett's o-val- 
ues. 

There is a continuous interest in syntheses of naturally 
occurring as well as non-natural a-amino acids in view of 
their importance in biology, biochemistry, and chemistry. 
As a consequence, an enormous number of methods afford- 
ing routes to enantiomerically pure a-amino acids has been 
developed in recent years. Remarkably, that large diversity 
of methods is based on only a few fundamental concepts. 
They include, besides enzymatic methods, asymmetric 
hydrogenation of dehydroamino acids, alkylation of c h i d  
glycine enolates, electrophilic and nucleophilic amination, 
addition of carbon nucleophiles to a-imino esters, and nu- 
cleophilic addition of C02H equivalents to chiral imines"]. 
In this paper, we report for the first time[2] on a different 
approach: the stereoselective addition of chiral -C02H* 
and -CHO* synthons to prochiral s~lfonylimines[~] pro- 
vides not only non-racemic a-amino acids but, even more 
importantly, leads to N-protected a-amino aldehydes as 
well (Scheme 1). These latter compounds turn out to be 
valuable synthetic building as illustrated by a 
highly diastereoselective Mukaiyama-type aldol additionr51 
which is also described here. 

Diastereoselective Addition of Vinyllithium Reagent (9-1  b 
to Sulfonylimines 2 

An equivalent of -C02H* and -CHO* synthons is avail- 
able from the vinyllithium reagents (R)- and (S)-lb, readily 
accessible by stereoselective (EIZ > 99: 1)  bromine/lithium 
exchange in the dibromoalkene l a .  Both enantiomers of the 

Scheme 1 

* RYco2H @COOH' 

NHZ 
/ deprotection 

latter reagent are available on 100 g scale from (R)-isobutyl 
or (9-ethyl lactate, respectively[6]. As far as the prochiral 
imine is concerned, a suitable group S (Scheme 1 )  should 
fulfil three requirements: i) efficient protection of the amino 
group avoiding racemization, ii) cleavage under mild con- 
ditions, and iii) activation of the imine moiety towards at- 
tack of the nucleophilic carbenoid lb.  A fairly tedious 
search revealed that a series of imines (S = %Me3, SPh, 
Ph, C02Me, S02CF3) were either completely unreactive or 
provided insufficient chemical yields andlor diastereoselec- 
tivities when treated with 1 b. The N-mesitylsulfonyl imines 
2, however, turned out to be not only sufficiently reactive 
but also highly stereoselective. Thus, addition of the 
sulfonylimines 2 to solutions of the vinyllithium reagent (9- 
l b  at - 110 "C in tetrahydrofuran resulted predominantly in 
the sulfonamides 3. After chromatography of the diastere- 
omeric mixtures of 3 and 4, the major isomers 3 were ob- 
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tained with ~ 9 8 ‘ % ,  11.r each. The yields of the main prod- 
ucts 3 purified in that way, as well as the diastereomeric 
ratios of the crude mixtures of 3 and 4 are given in Table 1. 

were achieved in the case of the sulfonamides 3d and 3e 
(Table 1). 

Me RYH 160-200°C 
Mts-NHz + Ph-CH(OMe)2 * Za - 2MeOH 

+ SOCI, 

R..l’H 
RCHO 

I , 2 b - f  MtS--N=S=O - 
BF3.OEt2 

I 
5 

MEMO /? Br 

(S)-la X =  Br Me 

160-200°C 
Mts-NHz + Ph-CH(OMe)2 * Za - 2MeOH 

SOCI, I 
RCHO 

MtS--N=S=O - , 2 b - f  
BF3.OEt2 

5 I X’+Br 

(S)-la X =  Br I Y Me 

H H 
MtsN MtsN 

MEMO’ fH 
I 
NHMts 

3 

NHMts 

4 

MEM = CH2OCH2CH2OCH3 
Mts = 2,4,6-trirnethylbenzenesulfonyl (rnesitylsulfonyl) 

2. 3, 4 
a 
b 

~~ 

C 

d 
e 
f 

Table I .  Ratio of diastereomers 3/4 formed by the addition of the 
vinyllithium reagent (9-1 b to mesitylsulfonylimines 2 

Sulfonylimine Products Diastereomeric ratio Yield”’ 
2a 3a-4a 96:4 62 % 
2b 3b:lb 96:4 63 % 
2c 3c:4c 96:4 54 % 
2d 3d:4d 9 1 3  21 % 
2e 3e:4e 91:3 34 % 
2f 3 f l f  98:2 52 % 

Purified 3 ( d e  >98’%1) 

The imine 2a was prepared by heating a mixture of mesi- 
tylsulfonamide and the dimethylacetal of benzaldehyde as 
described by Kresze et al.[’”] A protocol originating from 
the same group[’] was used to prepare the imines 2b-f  
Mesityl sulfonamide was first converted to the N-sulfinyl 
sulfonamide 5 which was subsequently allowed to react with 
the corresponding aldehyde in the presence of boron tri- 
fluoride etherate, to give the sulfonylimines 2b-f, thereby 
liberating sulfur dioxide. Whereas pure products 2b, c, and 
f were obtained from 4-methoxybenzaldehyde, 4-(dimethyl- 
thexylsily1oxy)benzaldehyde and 2,2-dimethylpropanal, re- 
spectively, the sulfonylimines 2d, e derived from isobutyral- 
dehyde and 3-methylbutanal, respectively, could not be ob- 
tained free from the corresponding tautomeric enamines 6a 
and 6b. As a consequence, only moderate chemical yields 

\C=CH-CHMe2 
H/ 

6a 

\C==CMe2 
H/ 

6b 

Synthesis of a-Amino Acids and N-Sulfonyl a-Amino 
Aldehydes 

The bromoalkenes 3a-d obtained in ~98‘%1 d.e. after col- 
umn chromatography (see above) were submitted to an 
ozonolysis in methanol/di~hloromethane~~]. Thereby, N- 
protected amino acid methyl esters (S)-Sa-d were obtained 
directly together with 0-MEM-protected methyl lactate 7. 
When the reaction was run on a larger scale, the lactate 
7 was isolated by distillation and could be reused for the 
preparation of the dibromoalkene l a .  In order to prove the 
absolute configuration and the optical purity of the prod- 
ucts 8, authentic samples of 8d as well as enantiomeric (R)- 
8a and (R)-8b were prepared from commercially available 
methyl esters of ($)-leucine, (R)-phenylglycine, and (R)-4- 
hydroxyp heny Iglycine. 

Comparison of the optical rotations allowed the assign- 
ment of the ( S )  configuration to the amino acid esters 8a-d 
and of the (S,S) configuration to their precursors 3a-d. 
The diastereomeric excess of the latter compounds corre- 
sponded to the optical purity of the esters (S)-Sa-d, whose 
alkaline hydrolysis provided the N-mesitylsulfonyl-pro- 
tected amino acids (9-9a-d. Under those conditions, the 
silyloxy protecting group[”] was cleaved so that N-mesi- 
tylsulfonyl-4-hydroxyphenylglycine (9c) was obtained from 
the ester 8c. Here again, samples of ($)-9d as well as (R)- 
9a-c were prepared from the authentic amino acids via the 
N-sulfonyl methyl esters (5’)-Sd and (R)-8a, b, e which were 
also saponified. The chemical yields and the optical purities 
of N-protected amino acids 9a-d generated from alkenes 
3a-d are given in Table 2. The synthesis of (9-phenylgly- 
cine from (S)-9a serves to illustrate the cleavage of the N -  
mesitylsulfonyl protecting group. In our hands, either treat- 
ment with sodium in liquid ammonia[”] or reaction with 
sodium naphthalenidel’21 were found to be suitable methods 
for deprotection. Thus, (R)-phenylglycine was formed in 
59% and 78% chemical yield, respectively, without racemi- 
zation. The cleavage of the bromoalkenes 3e, f was not fea- 
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sible by ozonolysis, presumably due to steric hindrance at 
the carbon-carbon double bond. 

3a-d 

Me 0 3 ,  MeOH, 
CH2C12 

* MEMOAC02Me 

7 

- RYC02H NHMts 

1 
R),-'CozMe LiOH, H20, MeOH 

NHMts 

(S)-8a-d (S)-9a-d 

R\Co2Me LiOH, H20, MeOH R\/COZH 
* 

NHMts 

(R)-8a. b. e 

NHMts 

(R)-9a-c 

Na. NH3 
or 

9a 

4 
a 
b 

C 

d 
e 

R 

Table 2. N-Mesitylsulfonyl protected a-amino esters 8 and acids 9 
formed from bromoalkenes 3 

Bromoalkene Ester (9-8 (Yield) Acid (9-9 (Yield) [e e ] 
3a a (78%) a (91%) [Y8%j 

3c c (68%) c (88%) [99%] 
3d d (45%) d (99%) 195%) 

3b b (75%) b (89%) [98%] 

N-Mesitylsulfonyl a-Amino Aldehydes: Preparation and 
Diastereoselective Mukaiyama Aldol Addition 

With respect to their oxidation number, debrominated al- 
kenes 11 are more suitable precursors of N-protected alde- 
hydes 12 than the bromoolefins 3. Therefore, compounds 
3a, d, e, f (d.e. 298%) were submitted to another bromine/ 
lithium exchange reaction by means of tert-butyllithium 
(+ 10a-d), followed by protonation. Thus, alkenes l l a -d  
were not only obtained in high enantiomeric and diastere- 
omeric excesses (e.e. >990/0, d.e. >98%) and good chemical 
yields (92-95%), but also as pure Z-isomers. Ozonolysis 
followed by work-up with dimethyl sulfide provided N-me- 
sitylsulfonyl-protected a-amino aldehydes 12 in almost 
quantitative yields. The lactaldehyde 13 formed simul- 
taneously was condensed under high vacuum at 25°C in a 
trap cooled with liquid nitrogen and could be reused for the 
preparation of the dibromoalkene 1 a. When the tempera- 
ture of the remaining a-amino aldehydes 12 was strictly 
kept below 25 "C, racemization was largely suppressed. In 

view of the lability of a-amino-substituted aldehydes, the 
intermediates 12a-d were not purified but submitted im- 
mediately to subsequent conversions. 

MEMO i;.. MEMO LH 
I 

LiNMts 
10 

HiMts 
11 

12 13 14 

Me Me 

15 0 16 

10 - 12,15,16 

Me Me 

H 

ph*oMe Mts H Me Me 
MtsNyO 0 

17 0 18 

When N-protected a-amino aldehydes are attacked by 
nucleophiles, the stereochemical outcome of the reaction 
depends mainly on the protecting group so that either che- 
late-controlled or non-chelate-controlled products result['3]. 
Since N-mesitylsulfonyl-substituted a-amino aldehydes 
have never been used as intermediates in diastereoselective 
reactions, we decided to bring about a Mukaiyama-type al- 
do1 reaction of the crude aldehydes 12a-d. For this pur- 
pose, methyl isobutyrate was first converted into the silyl 
ketene acetal 14, which was subsequently treated with the 
aldehydes 12a-d in the presence of titanium tetrachloride. 
Thereby, remarkably high diastereoselectivity was achieved: 
the crude products 15a-d were formed as single diastereo- 
mers according to their 'H-NMR spectra (Table 3). In or- 
der to assign the relative configurations to the carbinols 15, 
they were treated with phosgene to give the oxazolidinones 
16. It is known from various series of 4,5-disubstituted ox- 
azolidin-2-ones that the smaller 4-HJ-H coupling constant 
(ca. 5 Hz) has to be assigned to the trans-diastereomer, 
whereas the cis-isomers display substantially larger coup- 
ling constants which range from 7.5 to 9.5 H z [ ' ~ ~ .  Since the 
'H-NMR spectra of the heterocycles 16 derived from aldol 
adducts 15 clearly show a trans relation of the substituents 
in position 4 and 5, the syn configuration has to be assigned 
to the N-protected amino alcohols 15. Obviously, the alde- 
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hydcs 12 are attacked exclusively at the Si face during the 
Mukaiyama aldol reaction. This stereochemical outcome is 
plausibly explained by assuming chelate control, as indi- 
cated in the transition state model 19. 

:ix3 
MtsN 0 

Nu X P  H 

19 

Table 3. Hydroxy esters 15 obtained froin alkenes 11 by ozonolysis 
and Mukaiyama aldol addition; oxazolidinones 16 derived from 15 

Alhene Ester 15”’ (Yield) Oxazolidinone 16”’ (Yield) 
1 la a (72%) a (90%) 
l l b  b (78%) b (88%) 
l l c  c (75%) c (94%) 
I l d  d (73%) d (96%) 

[“I Sin& diastercomer. 

In contrast to the excellent stereoselectivity obtained in 
Mukaiyama-type aldol reactions of the aldehydes 12, dia- 
stereomeric mixtures of 15a and 17 were formed when the 
aldehyde 12a was treated with the lithium enolate of methyl 
isobutyratc. Even poorer diastereoselectivity resulted from 
the transmetallalion of that lithium enolate with chloro trii- 
sopropyloxy titanate. As expected, oxazolidinone 18 formed 
from 17 clearly differs from the corresponding diastereomer 
16a in the N M R  spectra. 

In order to find out whether substantial racemization had 
occurred during the formation and isolation of the alde- 
hydes 12. as well as during the aldol addition, the final 
products 16 were investigated by ‘H-NMR spectroscopy in 
the presence of the chiral europium shift reagent 
Eu(hfc),[”I. Under these conditions, a racemic mixture of 
16a and ent-16a had been found to differ in the chemical 
shift values of the 4-H and 5-H signals. For this purpose, 
an “artifical” racemate had been prepared by combining 
equal amounts of 16a and mt-16a. The latter stereoisomer 
is available by the enantiomeric series, which starts from 
(R)-dibromoalkene 1 a, available from (R)-lactate. It turned 
out that the enatiomeric purities of the final products 16a, 
c. d were slightly lower than expected according to the d.e. 
values of the corresponding bromoolefins 3a, e, f (398%). 
This indicates that marginal degrees of racemization occur 
during the sequence which is undoubtedly due to the la- 
bility of the aldehydes 12a, c, d. Complete retention of the 
configuration, however, was found in the aldehyde 12b as 
indicated by the optical purity of the oxazolidinone 16. The 
Mukaiyama aldol additions underline the versatility of N -  
nicsitylsulfonyl protected a-amino aldehydes 12, both en- 
antioniers of which are available according to the protocol 
outlined above. 

Addition of 1-Bromo-1-lithio-1-alkene ( 9 - l b  to 
para-Substituted Arylsulfonylimines; 
a Linear Free-Energy Relationship 

In the key step of our route to a-amino acids and N- 
protected a-amino aldehydes, the (9-vinyllithium reagent 
1 b attacks mesityl sulfonylimines predominantly at their 
Re-face. When the mesityl-protected derivative 2a is re- 
placed by phenylsulfonylimine 21 a, the diastereoselectivity 
decreases dramatically (Table 4). Undoubtedly, this effect is 
mainly caused by steric interference of the two ortho-methyl 
groups in 2a. Since we were wondering whether the diaster- 
eoselectivity of that key step is also influenced by electronic 
effects, a series of para-substituted arylsulfonylimines 
21 b-h was treated under identical conditions (temperature, 
reaction time) with the chiral carbenoid (S)-lb to give mix- 
tures of 22 and 23. The imines 21a-h were readily avail- 

by heating the dimethylacetal of benzaldehyde with 
the corresponding sulfonamides 20a-h. The ratio of dias- 
tereomers 22:23 shown in Table 4 was easily determined by 
‘H-NMR spectroscopy. It turned out that increased diaster- 
eoselectivity was observed when electron-donating substitu- 
ents were introduced in the sulfonylimine (i.e. 21 b-d) 
whereas lower diastereomeric ratios resulted in the case of 
electron-withdrawing substituents (i.e. 21e-h). 

phYH 
u 

20 

___) 

A 

X 
’b 1 21 ‘ 

MEMO J _1(.” 
ph+Br 

HN\S02 + 

’$ 
X 

22 

20 - 23 
a 
b 

d 
e 
f 
9 
h 

C 

x 
23 

R 
~ 

H 
NMe2 
OMe 
Me 
F 
CI 
CF3 
NO2 

The Hammett equation offers a simple as well as versatile 
solution when the influence of meta- and para-substituents 
in aromatic substrates has to be correlated with their reac- 
tivity[16]. There are very few reports on linear free-energy 
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relationships for asymmetric syntheses. Only recently, the 
stereoselectivity of manganese-catalyzed epoxidations has 
been related to Hammett’s cT-parameters (“electron tun- 
i r ~ g ” ) [ ~ ~ . ~ ~ ] ] .  When, under kinetic control, a chiral reagent 
(e.g. lb) adds to the Re- or Si-face of the sulfonylimines 21 
(or any other prochiral molecule), the rate constants kRe 
and ksl of the competing reactions can be correlated as 
shown in equations (1 a) and (1 b). The corresponding rate 
constants of the unsubstituted sulfonylimine 21a (X = H) 
are termed ks ,  and k!l. Being aware that - in competing 
reactions starting from identical compounds - the ratio of 
the rate constants equals the ratio of products, the terms 
k$,:k$ and kRP:kSI can be replaced by the ratio 22a:23a 
and 22:23, respectively. Thus, equation (2) results which 
may be termed a linear free-energy relationship for an 
asymmetric synthesis. 

Figure 1 

lg- 22 - lg ~ 22a 
23 23a 4 

The difference of the logarithms of the diastereomeric ra- 
tios of substituted and unsubstituted products 22/23 is plot- 
ted against Hammett’s 0-values (Table 4). As shown in Fig- 
ure 1, all derivatives except the nitro-substituted one are 
clearly arranged in a linear plot. The exception is probably 
caused by insufficient solubility of sulfonylimine 21 h so 
that, in this particular case, the reaction cannot be run in 
an homogeneous phase. Furthermore, the nitro substituent 
may cause single-electron transfer processes so that the 
mechanism of the addition of l b  to 21h is completely differ- 
ent from that of the other sulfonylimines 21a-g. Obviously, 
the diastereoselectivity increases with the strength of the 
electron donating effect of the substituent X. It seems that 
the enhancement of electron density at the sulfonylimine 
moiety leads to a more tightened transition state, wherein 
the lithium atom of l b  is coordinated to the oxygen. The 
tightness maximizes the steric and/or stereoelectronic ef- 

fects which arise from the chiral information of the vinyl- 
lithium reagent 1 b. A six-membered transition state model 
24 is proposed to account for the predominant (S)/Re topi- 
city in the addition of (S)-lb to sulfonylimines 2 and 21. It 
is assumed that the bulky substituents R, bromine, and the 
aryl group of the sulfonyl moiety occupy equatorial posi- 
tions. In the unfavored (S)/Si topicity the methyl group at 
the stereogenic center of the vinyllithium reagent would be 
directed towards the sulfonylimine. 

Table 4. Diastereomeric Sulfonamides 22/23 formed by the addition 
of (S)- lb to sulfonylimines 21 

Sulfonylimine 21 

a : X = H  
b:X = NMe, 
e :X=OMe 
d : X = M e  
e : X = F  
E X = C I  

h: X = NO2 
g: x = CF, 

Products 22/23 OF lgzZ - lg- 
(Diastereomeric ratio) 23 23a 

b (89.5:10.5) 4 . 6 3  +0.477 
c(X1.5:18.5) -0.28 C0.190 
d(79.5:20.5) -0.16 10.135 
e (71.5:28.5) +0.06 -0.055 
f (67.0:33.0) +0.22 -0.147 
g (55.0:45.0) +0.54 -0.367 
h (55.0:45.0) +0.78 -0.367 

a (74.0:26.0) 0 0 

pa] Hammett IS values (cf. 

Me 

24 

It is reasonable to look for linear free-energy relations in 
asymmetric syntheses performed with a series of reagents 
or substrates which differ in their electronic properties? At 
least nonlinearity gives a valuable piece of information: na- 
mely that in the selectivity-determining step there are sev- 
eral reactive species (e.g. different aggregates of organome- 
tallic compounds like monomers, dimers, tetramers, various 
kinds of mixed aggregates). 

This work was supported by the Deutsche Forschungsgemein- 
schqft and the Fonds der Chemisehen Industrie. Generous gifts of 
(R)-lactate were provided by BASF AG. We would like to thank 
Dr. A .  Steigel, Mrs. I. M e n d ,  Mrs. M. Beuer and Dr. S. Helhrig 
for recording the spectra. 

Experimental Section 
Melting points: Buchi 510. - IR: Perkin-Elmer 710B and 1420. 

- NMR: Varian EM 360, EM 390, and VXR 300; all spectra were 
recorded in CDCli with tetramethylsilane as internal standard. - 
MS: Varian MAT CH5 (70 eV). - Specific rotations: Perkin Elmer 
141. - TLC: DC-Alufolien 60 F254 and Sil-G 60/UV254 (Merck). 
- Column chromatography: MN-Kieselgel 60, mesh size 
0.04-0.063 mm (Macherey-Nagel). - Elemental analysis: Mi- 
kroanalytisches Laboratorium Beller (Gottingen) and Institut fur 
Pharmazeutische Chemie, Universitlt Dusseldorf. 

Solvents and Reugents: Tetrahydrofuran (THF) was predried 
with KOH and distilled under N2 from sodiumlbenzophenone or 
from LiAIH4. It was taken from the receiving flask, which was 
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closed by a septum, using syringes or cannulas. Dichloromethane, 
chloroform, n-pentane, n-hexane, and acetone were refluxed for 
several hours with di-phosphorus pentoxide, distilled, and kept 
over molecular sieves (4 A). The aldehydes and imines as well as 
chlorotrirnethylsilane and thionyl chloride were distilled before use. 
Ncat diisobutylaluminiumhydride (DIBAH) was diluted with n- 
hexane to give ii I M soluton. The organolithium compunds n- and 
to.t-butyllithium were purchased as solutions in n-hexane and n- 
pentane, respectively. 

Gcner-ul Rcinurlts Corwrning tlie Handling o j  Orgunolithium Cou- 
ponnds: See 

(3s)- tint1 i3R)-l,l-Dihro1izo-[(2-iizetiio.~~~~etho,~y)~nethyo.~y]-l- 
hirteiic ( 1  a) were prepared according to ref.[,], 

A- ( Phn?ij,61iet/ij,kiie) henzcneszilJinun?ide (21 a), 4-Methyl- N- 
( p l i e ~ i ~ l i ~ / i ~ t l i ~ ~ l e ~ i i ~ )  b~.nieiiesulfi,niiinide (2 1 d), 4- Chloro- N- (phenjil- 

) h~~riiericsiilf0nuniide (2 I f), and 4-Nitro-N- (phmnylmethyl- 
rnr)  ~ ~ i ~ ~ z ~ ~ , ~ ~ ~ , . s ~ ~ ~ ~ ~ ) i i ~ / i ~ i i ~ ~ ~ ~  (21 h) were prepared according to ref.[7a]. 

4- ( L)itiic.tlil.ltiiiiino/ -A1- (phenyhnetliylene) henzenr.culfonnniic~e 
(21 b): A mixture of 4-dimethylaminobenzenesulfonamide['"] (6.0 g, 
30 mniol) and a,a-dimethoxytoluene (4.5 ml, 30 mmol) was heated 
to 160 "C in ii one-necked flask equipped with a short Vigreux col- 
umn with a Ziiicke distillation apparatus. Heating was continued 
for 30 min. The temp. was then raised for a short time to 200°C 
in order to distill the 1.7 nil of methanol formed during the conden- 
sation. After cooling to room temp. the residue was recrystallized 
threc times from petroleum ether (b.p. 100"C-140°C) or 1,4-diox- 
ane to give 4.1 g (47'%) of colorless 21b; m.p. 173°C. - 'H  NMR 
(60 MHz): 6 = 3.05 [s, 6H,  N(CH,),], 6.56-6.86 (m, 4H,  aromatic 
H), 7.23-8.05 (in. 5H, aromatic H), 8.92 (s, l H ,  C=CHC,H,). - 

MS (70 eV): in/: ('%I): 288 (100) [M'], 184 (68) [M' - 

N=CHC,H,]. - CI5HlhN2O2S (288.4): calcd. C 62.48, H 5.59. N 
9.71: found C 62.43, H 5.57, N 9.66. 

4-~Z/ I~~t l io .~ ,1~-N-(~) l i~n~l~i~r t l iy l~~ne~benzene .~u~oi iumidt~  (20c): Pre- 
pared analogously from 4-methoxybenzenes~Ifonamide[~'~ (3.74 g, 
20 nimol) and a,a-dimethoxytoluene (2.94 ml, 20 mmol), which 
were heated to 160°C for 10 min and thereafter for a short time to 
200 "C. The crude residue was recrystallized twice from petroleum 
ether (b.p. I00"C-140°C) to give 2.86 g (52%) ofcolorless 20c. - 
' H  NMR (60 MHz): 6 = 3.82 (s, 3H,  OCH3), 6.81-7.10 (m, 5H, 
aromatic H) ,  7.30-7.90 (m, 4H, aromatic H), 8.93 (s, 1 H, 
N -CHCf,H5). 

4-F/iior-o-h~-jpherz~lr?ietliylene~ben~eiiesulfi,nnmitIr~~nu~nide (20e): 4- 
Fluorobenzenesulfonamide was prepared by refluxing a mixture of 
4-fluorobenzenesulfonyl chloride (9.73 g, 50 mmol), ammonium 
carbonate (25 g, 260 mmol). and 50 ml of a conc. aqueous solution 
of ammonia tor I h. After cooling to room temp., water (100 ml) 
was added, and the mixture was filtered. The residue was washed 
with water and recrystallized from waterlethanol (1:3) to give 7.72 
g (88%) of crystalline product; m.p. I22 "C. 

I - F l u o , o h e ~ ~ ~ e i i e s i i ~ ~ ~ ~ ~ i ~ i ~ ~ i i ~ l e  (3.52 g, 20 mmol) thus obtained was 
heated with tx,a-dimethoxytoluene (4.4 ml, 30 mmol) as described 
above. The residue was recrystallized from petroleum ether (b.p. 
6O"C-8O0C) to give 3.66 g (67%) of 20e; m.p. 76°C. - ' H  NMR 
(300 MHz): (5 = 7.20-7.52 (m, 4H,  aromatic H), 7.61-7.66 (m, 
I H, aromatic H). 7.92-8.06 (m, 4H,  aromatic H), 9.06 (s, 1 H, 
N=CHC,H,). - MS (70 eV); m/z  (%): 263 (3) [M+], 159 (68) 
[C,H4FS]. 95 (100) [C,H4F]. - CI3HIOFNO2S (263.3): calcd. C 
59.31. H 3.83, N 5.32; found C 59.44, H 4.05, N 5.32. 

N- r Pliciz.l.liiieth:leiie) -4- ( trifluoromethyl) henzenesulfonuniide 
(21g): A 250-in1 three-necked flask equipped with a thermometer 

and an inlet tube was charged with CuCl (4.95 g, 50 mmol) and 
150 ml of anhydrous acetic acid. After cooling to 5 "C, a stream of 
SO, was passed through the solution for 2 h. During the course of 
this, the temp. was kept below 10°C. In a 100-ml two-necked flask 
equipped with a thermometer and a dropping funnel, a mixture of 
4-(tritluoromethyl)aniline (8.05 g, 50 mmol) and 17 ml of conc. 
hydrochloric acid was cooled to 0°C. A solution of N a N 0 2  (4.0 g, 
52 mmol) in 8 ml of water was added through the dropping funnel 
at such a rate that the temp. did not exceed 5°C. The solution 
of the 4-(trifluoromethyl)benzenediazonium salt thus formed was 
added slowly under stirring through the dropping funnel to the 
saturated solution of SO2 in acetic acid. Stirring was continued for 
2 h at room temp. The mixture was then transferred to a separatory 
funnel and extracted three times with toluene. The combined or- 
ganic layers were washed with a 1 M aqueous solution of NaHC03 
(100 ml) and with 100 ml of water and dried with CaCI,. After 
removal of the solvent in a rotary evaporator, the crude 4-(tri- 
fluoromethy1)benzenesulfonyl chloride was treated with 150 ml of 
a saturated aqueous solution of ammonia and refluxed for 1 h. 
After cooling to room temp., 4-(trifluoromethyl)benzenesulfonam- 
ide crystallized and was filtered, washed with water, and recrys- 
tallized from toluene to give 7.89 g (70%) of a colorless solid; 
m.p. 174°C. 

4-( Trifluoronietl~y1)benzenesulfonriniide (3.38 g, 15 mmol) thus 
obtained was heated with a,a-dimethoxytoluene for 10 min as de- 
scribed above. Recrystallization of the crude product from petro- 
leum ether afforded 3.42 g (73%) of 21g; m.p. 99°C. - 'H  NMR 
(300 MHz): 6 = 7.27-7.83 (m, 5H,  aromatic H), 7.94-8.18 (m, 
4H,  aromatic H), 9.12 (s, 1 H, N=CHC6H5). - MS (70 eV); inlz 

Cl,HloF3NO2S (313.3): calcd. C 53.67, H 3.22, N 4.47: found C 
53.83, H 3.29, N 4.51. 

2,4,6- Trimethyl- N- (plzenylmerlylene) benzenesulfonamide (2a): A 
mixture of 2,4,6-trimethylbenzenesuIfonamide[*'] (9.96 g, 50 mmol) 
and a,a-dimethoxytoluene (8 ml, 53 mmol) was heated for 10 min 
as described above. The remaining crude product was recrystallized 
three times from n-hexane to give 12.2 g (85%) of 2a; m.p. 91 "C. 
- 'H NMR (60 MHz): 6 = 2.29 (s, 3H, CH3), 2.68 (s, 6H, CH,), 
6.89 (s, 2H, aromatic H), 7.19-8.0 (m, 5H, aromatic H), 8.98 (s, 
1 H, N=CHC,H,). - MS (70 eV); m/z (Yn): 287 (1) [M+], I19 (100) 

found C 66.84, H 5.93, N 5.08. 

4-[Dii~zeth~~l(I,1,2-trimeth~~lptlrop~~l)si~~~lo.~y]henzuldeliyde: 4-Hy- 
droxybenzaldehyde (15 g, 123 mmol) was added to a mixture of 
dimethylhexylsilyl chloride (24.2 ml, 123 mmol), diisopropylethyla- 
mine (25.8 ml, 148 mmol), and 60 ml of dichloromethane. After 
stirring for 15 h at 70"C, n-hexane (300 ml) was added, the mixture 
was transferred to a separatory funnel, washed with three 150 ml 
portions of water and dried with MgS0,. The solvent was removed 
under reduced pressure, and the residue was distilled in vacuo. 
Yield: 24.8 g (76%); b.p. 78-81 "C/0.02 Torr. - ' H  NMR (60 
MHz): 6 = 0.28 [s, 6 H, Si(CH3),], 0.80- 1.05 (m, 12 H, CH3), 1.65 
[m, 1 H, HC(CH3),], 6.70-7.70 (m, 4H,  aromatic H), 9.74 (s, 1 H, 
CHO). 

N-Sulf~~i,vl-j2,4,6-tvir?1etliylberizene)sulf~~numi~~e: A mixture of 
2,4,6-trimethylbenzenesulfonamide (4.68 g, 23.3 mmol) and thionyl 
chloride (7.25 ml, 100 mmol) was refluxed under N 2  for 8 h. Excess 
thionyl chloride was removed by distillation and the residue was 
distilled in vdcuo. Yield: 3.26 g (57%); b.p. 130- 135"C/0.03 Torr. 

General Procediitlre (G I? 1 )  for the Prepunition ojN-Benzylidene- 
uncl N-Alkj~lidene-(2,4,6-trirnethylben~ene).sulfi~niiuii~leles 2b-f: A 
50-ml two-necked flask was equipped with a magnetic stirrer, a 

( 'Yo): 313 (12) [M+], 209 (20) [C7H,F,02S], 145 (100) [C7H4F3]. - 

[C,H,l]. - ClhH17N02S (287.4): calcd. C 66.87, H 5.96, N 4.87; 
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septum, and a reflux condenser which was connected to a com- 
bined nitrogenlvacuum line, and charged with 30 mmol of N-sulfi- 
nyl-(2,4,6-trimethylbenzene)sulfonamide. The air in the flask was 
replaced by nitrogen, and dry dichloromethane (1 5 ml) was added 
by syringe through the septum. Thereafter, the corresponding alde- 
hyde (neat or dissolved in 5 ml of dichloromethane) was injected 
under stirring. The connection to the nitrogen/vacuum line was re- 
placed by a bubbler, and 5-7 drops of boron trifluoride etherate 
were added. The production of gaseous sulfur dioxide started im- 
mediately. When the mixture had been refluxed for 1-2 h, the con- 
denser was replaced by a Zincke distillation apparatus, and the sol- 
vent as well as most of the excess aldehyde and the catalyst were 
distilled off. The crude products thus obtained were either recrys- 
tallized or purified by distillation under reduced pressure (oil-dif- 
fusion pump). 

Using this procedure, the following were obtained: 

N-[ (4-Methoxyphenyl)niethylene] (2,4,6-trimethylhen,-rne) - 
suljoncnmidc (2b): Prepared from 8.09 g of N-sulfinyl(2,4,6-tri- 
methylbenzenejsulfonamide (33 mmol) and 4-methoxybenzal- 
dehyde (4.45 ml, 36.3 mmol). The crude product was recrystallized 
from petroleum ethedchloroform (10:l). Yield: 7.8 g (75%); m.p. 

6H, CH3), 3.75 (s, 3H. OCH3), 6.70-6.86 (m, 4H,  aromatic H), 
7.50-7.75 (m, 2H, aromatic H), 8.72 (s, IH ,  N=CH-Ar). - MS 
(70 eV); mlz (%): 317 (28) [M+], 146 (loo), 119 (78) [C9HII]. - 
CI7Hl9NO3S (317.4): calcd. C 64.33, H 6.03, N 4.41; found C 
64.24, H 5.89. N 4.43. 

117°C. - 'H NMR (60 MHz): 6 = 2.20 (s, 3H, CH3), 2.61 (s, 

N -  ( { 4 -  [ D i m  e thy1  ( I ,  I ,  2 - t r  i m e  t h y  l p  r o p y  1 )  s ily l o s y  ] - 
phenyl)rnethylenr)2,4,~-trinzethylben~enesu~ouylamide (2c): Pre- 
pared from 6.4 g of N-sulfinyl(2,4,6-trimethylbenzene)sulfonyl- 
amide (25.7 mmol) and 4-[dimethyl( 1,1,2-trimethylpropyl)silyloxy]- 
benzaldehyde (6.88 g, 26 mmol). The oily crude product was used 
without further purification. Yield: 10.05 g (87%). - ' H  NMR 
(300 MHz): 6 = 0.26 [s, 6H,  Si(CH3),], 0.92-0.96 [m, 12H, 
C(CH3)2CH(CH3),], 1.60- 1.80 [m, 1 H, CH(CH,),], 2.29 (s, 3H, 
ArCH,), 2.70 (s, 6H,  ArCH3), 6.88-7.84 (m, 6H,  aromatic H), 
8.94 (s, 1 H, N=CHAr). 

N- (3-  Methylbutylidene) (2,4.6-trirneth~~lbenzene)suljonamide (2d) 
and N- (3-Methylbutenyl) (2,4,6-tritnethylben=eiie) suljonamide (6a): 
Prepared from 9.81 g of 2,4,6-trimethyl-N-sulfinylbenzenesulfon- 
amide (40 mmol) and 3-methylbutanal (4.3 ml, 40 mmol). Accord- 
ing to the 'H NMR spectrum, the product which was purified by 
distillation, consisted of a mixture (approximately I : I )  of the tauto- 
mers 2d and 6a. Yield: 6.52 g (61%); b.p. 150"C/0.0001 Torr. 

2d: ' H  NMR (300 MHz): 6 = 0.89-1.22 [m, 6H,  CH(CH,),], 
1.70-1.85 [m, IH ,  CH(CH,),], 2.30 (s, 3H, ArCH3), 2.60 (s, 6H, 
ArCH3), 2.90-3.10 (m, 2H,  CH,CH). 6.91-7.03 (m, 2H,  aromatic 

6a: 'H  NMR (300 MHz) differs from that of 2d in: 6 = 
2.35-2.45 [m, I H ,  CH(CH,),], 4.81 (broads, l H ,  NH), 6.38-6.50 
(m, 2H, CH=CH). 

H), 8.58 (t, J = 5 Hz. 1 H, N=CHCH,). 

N-(2-1~eth~~Iprop~vIidene~-2,4,6-tri1nethyIben~ene~s~~~~~nuniide (2e) 
and N- (2-Methylpropenyl) -2.4-6-trirnetliylbenzenesulfbnau~ide (6b): 
Prepared from 10.2 g of 2,4,6-trimethyl-N-sulfinylbenzenesulfon- 
amide (42 mmol) and 2-methylpropanal (5.5 ml, 60 mmol). Accord- 
ing to the 'H-NMR spectrum, the product distilled in vacuo con- 
sisted of the tautomers 2e and 6b in a ratio of 2 : l .  Yield: 7.8 g 
(73%)); b.p. 124"C/0.0001 Torr; m.p. 55°C. 

2e: 'H  NMR (60 MHz): 6 = 1 . I3 [d, J = 7 Hz, 6H,  CH(CH3),], 
1.60-1.80 [m. 1 H, CH(CH,),], 2.25 (s, 3H, ArCH3), 2.60 (s, 6H,  
ArCH3), 6.90-7.00 (m, 2H,  aromatic H), 8.40 [d, J =  4 Hz, l H ,  
N=CH-CH(CH3)2]. 

6b: 'H NMR (60 MHz) differs from that of 2e in: 6 = 1.50 and 
1.60 [2 s, 3 H  each, CH=C(CH,),], 5.03 (broad s, 1 H, NH), 5.58 

N- (2,2-Dirnetl~~~lpr~pyIidene) -2,4,6-tritnetli~lben;enesulfonrrmonamide 
(20: Prepared from 9.0 g of 2,4,6-trimethyl-N-sulfinylbenzenesul- 
fonamide (36.7 mmol) and 2,2-dimethylpropanal (6 ml, 55 mmol). 
The crude product was purified by distillation. Yield: 8.67 g (88'%1); 
b.p. 110"C/0.01 Torr; m.p. 60°C. - 'H NMR (60 MHz): 6 = 1.08 
[s, 9H,  C(CH,),], 2.27 (s, 3H, ArCH,), 2.58 (s, 6H, ArCH3), 6.90 
(s, 2H,  ArH), 8.37 (s, 1 H, N=CH). 

General Procedure (G. II 2 )  f b r  the Addition of' Dibromoalkene 
l a  to Sul/onylimines 2a-f and 21a-h: A solution of l a  (3.18 g. 
10.0 mmol) in 50 ml of absolute diethyl ether was stirred at - 108 "C 
under nitrogen in a 100-ml two-necked flask equipped with a mag- 
netic stirrer, a septum, and a connection to a combined nitrogen1 
vacuum line. A thermocouple was introduced through the septum, 
and n-butyllithium (6.0 ml of a 1.6 M solution in n-hexane, 9.6 
mmol) was added slowly to the vigorously stirred mixture by means 
of a cannula. During the course of the addition, the temp. moni- 
tored by an electronic thermometer was not allowed to exceed 
-105°C. Care was taken to avoid an excess of butyllithium. A fine 
white precipitate formed gradually during the addition of n-butyl- 
lithium. After stirring for 15 min at -105°C another 0.25 ml por- 
tion (0.4 mmol) of the solution of butyllithium was added. Stirring 
was continued for 20 min at - 105 to - 100°C in order to complete 
the formation of Ib. 

The mixture was then diluted with 2 ml of T H F  at -llO"C, 
stirring was continued for 1 min, and a precooled (-l00'C) solu- 
tion of the sulfonylimine 2 or 21 (10.0 mmol) in THF (30 to 40 ml) 
was added through a cannula at such a rate that the temp. did not 
exceed - 110°C. Thereafter, the mixture was allowed to reach 
-78°C within 8 h. A satd. aqueous solution of NH4Cl (10 ml) was 
added, and the cooling bath was removed so that the mixture could 
reach room temp. The organic layer was separated, the aqueous 
phase was diluted with water (20 ml) and extracted four times with 
a total amount of 100 ml of diethyl ether. The combined organic 
layers were washed with brine (30 ml) and then dried with MgS04. 
The solvent was removed in a rotary evaporator and the residue 
was transferred into a 25-ml one-necked flask which was connected 
via a short bent glass tube to a two-necked flask. The latter flask 
was plunged into a bath of liquid nitrogen and connected to an oil 
pump (0.001 Torr), while the crude product was warmed to 
50-70°C. This procedure was maintained for 2 to 3 h in order to 
remove smaller amounts of dibromoalkene l a  as well as (a-1- 
bromo-3-[(2-methoxyethoxy)methoxy]-I-butene which arose from 
protonation of the lithiated alkene 1 b. The crude products thus 
obtained were first submitted to 'H-NMR investigation so that the 
diastereomeric ratio could be determined. Thereafter, they were 
purified by column chromatography. 

[d, J = 9 Hz, 1 H, CH=C(CHJ)2]. 

Using this procedure, the following were obtained: 
( 1  $2  E,4S)- and (1  R,2E,4S)-N- {2-Bromo-4-( (2-metho.uq- 

P t h o s y  ) met h oxy ] - 1 - p  h en y 1-2 -pen t eny I ]  -2,4,6 - t r inz e t hp Iben - 
zenesulJi,nunzide (3a and 4a): Prepared by reaction of (s)-la (15.9 
g, 50.0 mmol) with 2a (14.4 g, 50.0 mmol) dissolved in 200 ml 
of T H E  The diastereomeric ratio of the crude mixture 3a14a was 
determined as 96:4. Column chromatography (hexanelethyl acet- 
atelchloroform, 1:1:2) afforded 16.16 g (62%) of crystalline 3a 
(>98%1 d.e.); Rf = 0.7; m.p. 55°C. - [a]E = -92.5 (c = 3.5 in 95% 
aqueous ethanol). - 'H NMR (300 MHz): 6 = 1.03 [d, J = 6.3 
Hz, 3 H, CH(0-)CH,], 2.29 (s, 3 H, ArCH3), 2.65 (s, 6 H, ArCH,), 
3.32 (s, 3H,  OCH3). 3.42-3.68 (m, 4H,  OCH2CH20), 4.35-4.45 
[dq, J,j = 9.0 Hz, Jq = 6.3 Hz. 1 H, CH(O-)CH,]. 4.65 (s, 2H, 
OCH?O), 5.5 (d, J =  9.2 Hz, IH,  NH), 5.62 [d, J =  9.2 Hz, I H .  
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CH(N-)], 5.93 (d, J = 9.0 Hz, 1 H, BrC=CH), 6.94-7.42 (m, 7H, 
aromatic H).  - MS (70 eV); nil; ('YO): 421, 419 (100) [M+ - 
C,H,O,]. 343, 341 (45) [M' - CgHIIOzS]. - C24H32BrN05S 
(526.5): calcd. C 54.75, H 6.13, N 2.66; found C 54.80, H 6.22, 
N 2.69. 

' H  NMR (300 MHz) of the minor diastereomer 4a differs from 
that of 3a in: 6 = 1.18 (d, J = 6.3 Hz), 3.39 (s, 3H, OCH3), 6.04 
(d. J = 9.0 Hz). 

( lS ,2E,4SI-  and (1 R,2E,4S)-N- :2-Brorno-4-[(2-metho.~~~- 
c t li o.\-j J n i l 2  t h (is! '] - I - ( 4- in r t h oxyph en y I )  -2 -pent en y 1) -2,4,6 - t r i- 
iiirtli~lhrri:ene.s~ilfonclrrlidr (3b and 4b): Synthesized by reaction of 
(S)-la (9.54 g, 30 mmol) with sulfonylimine 2b (7.93 g, 25.0 mmol) 
dissolved in 120 nil of THE The 'H-NMR spectrum showed the 
diastercomeric ratio of 3b and 4b to be 96:4. Column chromatogra- 
phy (hexanekthyl acetatekhloroform. 3:2:3) afforded 8.71 g (63%) 
of oily, viscous 3b (98'%, d . ~ . ) ;  R,- = 0.65. - [a]g = -95.7 ( c  = 1.95 
in 95'%1 aqueous ethanol). - 'H  NMR (300 MHz): 6 = 1.03 (d, 
J = 6.2 Hz, 3H, CH(0-)CM,], 2.28 (s, 3H, ArCH3), 2.64 (s, 6H, 
ArCH?), 3.32 (s. 3H. CH,OCH,), 3.43-3.75 (m, 4H, OCH2- 
CH20). 3.77 (s, 3H,  ArOCH3), 4.38 [dq, = 9.2 Hz, Jq = 6.2 Hz, 
1 H, CH(O-)CHj], 4.63 (s, 2H. OCH20), 5.46 (d, J = 9.0 Hz, 1 H, 
NH), 5.54 [d, J = 9.0 Hz, 1 H, CH(N-)], 5.90 (d, J = 9.2 Hz, 1 H, 
BrC=CH), 6.79-7.88 (m, 6H, aromatic H). - MS (70 eV); in/- 

[C,H;O,]. - C25H14BrNOhS (556.5): calcd. C 53.96, H 6.16, N 
2.52; found C 53.79, H 6.13, N 2.45. 

' H  NMR (300 MHz) of the minor diastereomer 4b differs from 
that of 3b in: 6 = 1.10 (d, J = 6.2 Hz), 6.01 (d, J = 9.2 Hz). 

( ' X I ) :  450. 448 (64, 60) [M+ - C7H70], 119 (50) [CgHII], 59 (100) 

(1  S,2E,4S) - untl ( 1  R,2E,4S) -N- {2-Brorno- I -(4-(dimethyl- 
( I ,  l , 2 - t r . i r ~ r e t l i ~ l p r o ~ ~ ~ ~ l ~ . s i l ~ l i ~ s y ] p h e n y l ~ - 4 - [  (2-metIio.~yethosy) - 

~ i i r t o \ - ! ~ ] - ~ - p f ~ r z t r ~ z ) ~ / ~ - ~ , 4 , ~ - t r . i i i i e t ~ z ~ ~ ~ b ~ i ~ : e n e . s u ~ o ~ i ~ ~ ~ 1 i d e  (3c and 
4c): Prepared by reaction of (S)-lb (6.36 g, 20.0 mmol) and sulfon- 
ylimine 2c (8.91 g, 20.0 mmol) dissolved in 80 ml of T H E  The 
diastcrcomeric ratio 3c/4c was determined as 96:4, according to the 
'H-NMR spectrum of the crude product. Purification by column 
chromatography (hexane/ethyl acetatekhloroform, 3 : 1 : 3) afforded 
7.31 g (53.9%) of oily, viscous 3c (98'%1 d.e.); R, = 0.6. - [a]$ = 
-84.6 ( c  = 1.7 in 95% aqueous ethanol). - IH NMR (300 MHz): 
8 = 0.20 [s, 6 H, SI(CHI)2], 0.94 [m, 12 H, C(CH,),CH(CH3)2], 1.05 
[d, J =  6.3 Hz. 3H, CH(O-)CH3],  1.71 [sept, J =  6.8 Hz, IH,  
C(CH3)2CH(CH3)2], 2.28 (s, 3H,  ArCH?), 2.63 (s, 6H, ArCH3), 
3.32 (s. 3H, OCHI), 3.43-3.75 (m, 4H, OCH2CH20), 4.42 [dq, 
Jcl = 9.2 H L ,  Jc, = 6.2 Hz, I H, CH(O-)CH,], 4.63 (s, 2H, 
OCH20). 5.45 (d, J = 8.9 Hz, 1 H, NH). 5.55 [d, J = 8.9 Hz, 1 H, 
CH(N-)I. 5.90 (d, J = 9.2 Hz, 1 H, BrC=CH). 6.70-7.83 (m, 6H, 
aromatic H).  - MS (70 eV); ml; ((XI): 685, 683 ( I )  [M+], 578, 576 

C12H,,,BrN06SSi (684.8): calcd. C 56.12, H 7.36, N 2.05; found C 
56.26, H 7.42, N 2.00. 

' H  NMR (300 MHz) of the minor isomer 4c differs from that 
of 3c in 6 = 6.02 (d, J = 9.2 Hz). 

(100, 93) [M+ - C j H g 0 3 1 ,  501, 499 (30, 28) [M+ - CgH1102S]. - 

( I S,2E,4Si - arid ( 1  R,2 E,4S) - N -  {2- Brorno-4-((2-mrtho.x?~- 
ctho.~-,~)i i ict l io.\- ! , ]-  I - (2-niethylpropyl) -2-pentenyl)-2,4,h-trirnetli- 
i,l(,rri_c'rrc,.su!fi,rltrrl,icle (3d and 4d): Prepared by reaction of (S)-la 
(7.95 g, 25.0 mmol) and a distilled mixture of the tautomeric com- 
pounds 2d and 6a (6.39 g, 23.9 mmol) dissolved in 80 ml of THE 
The ratio of the diastereomeric products 3d and 4d in the crude 
mixture was determined as 97:3 from the 'H-NMR spectra. Col- 
umn chromatography (hexane/ethyl acetatekhloroform, 3 :2:3) gave 
2.48 g (21'31) of oily, viscous 3d (>98'%1 d e . ;  the minor isomer 4d 
could not be detected by 'H-NMR spectroscopy in the purified 
product); Rt = 0.76. - [a]g) = -86.4 (c = 1.6 in 95% aqueous 

ethanol). - ' H  NMR (300 MHz): 6 = 0.83, 0.87 [2 d, J = 6.5 Hz, 
3 H each, CH(CH,),], 1.06 [d, J = 6.3 Hz, 3H, CH(O-)CH3], 1.61 
[m, 2H, CH,CH(CH,),], 2.29 (s, 3H, ArCH3), 2.66 (s. 6H, 
ArCH,), 3.37 (s, 3H, OCH3), 3.51-3.78 (m, 4H, OCH2CH20), 
4.28-4.35 [m, 1 H, CH(N-)I, 4.36-4.42 [m, 1 H, CH(O-)CH3], 
4.63 (AB system, JAB = 7.1 Hz, 2H, OCH20), 4.84 (d, J = 9.7 Hz, 
l H , N H ) ,  5.69 ( d , J  = 9.4 Hz, l H ,  BrC=CH), 6.91-6.94 (m, 2H, 
aromatic H). - MS (70 eV); mlz ('Yn): 505, 507 (5) [M+]. 468, 466 

[C14H22NOZS], 21 1 (100) [CIOHI3NO2S]. - C22H36BrN05S (506.5): 
calcd. C 53.07, H 7.36, N 2.69; found C 53.37, H 7.37, N 2.79. 

'H  NMR (300 MHz) spectrum of the minor isomer 4d (detected 
in the crude product only) differs from that of 3d in: 6 = 1.10 (d, 
J = 6.3 Hz), 3.38 (s), 5.80 (d, J = 9.4 Hz). 

(20) [M+ - C3H71, 400, 398 (30, 32) [Mi - C4H9031, 268 (58) 

(lS,2E,4S)- and ( I  R,ZE,QS)-N- {2-Broino-4-[(2-methoxy- 
ethoxy) nzethosyl-1- ( 1  -rnethylethyl) -2-penteny1)-2,4,6-trimethyl- 
henzenesulfonumide (3e and 4e): Synthesized by reaction of (9- 
l a  (9.54 g, 30.0 mmol) with a distilled mixture of the tautomeric 
compounds 2e and 6b (7.37 g, 29.0 mmol) dissolved in 100 ml of 
THE According to the IH-NMR spectra, the ratio of diastereo- 
mers 3e and 4e in the crude mixture amounted to 97:3. The crude 
product was submitted to column chromatography (hexane/ethyl 
acetate/chloroform, 3: 1 :2) to give 4.8 g (34%) of oily 3e (98% d.e.); 
Rf = 0.78. - [a]g) = -70.2 (c = 1.5 in 95% aqueous ethanol). - 
IH NMR (300 MHz): 6 = 0.91 and 0.94 [2 d, J = 6.9 Hz, 3 H  each, 
CH(CH&], 1.02 [d, J =  6.2 Hz, 3H, CH(O-)CH3], 1.79 [m, IH,  
CH(CH&], 2.28 (s, 3H, ArCH3), 2.66(s, 6H, ArCH3), 3.39 (s, 3H, 
OCH?), 3.54-3.78 (m, 4H,  OCH2CH20), 3.85 [dd, J= 9.7 Hz, J = 

CH(O-)CH,], 4.67 (AB system, JAB = 7.1 Hz, 2H,  OCH20), 4.87 
( d , J  = 9.7 Hz, lH,NH),  5.80 ( d , J  = 9.5 Hz, l H ,  BrC=CH), 6.94 
(s, 2H, aromatic H). - MS (70 eV); mlz ('Yn): 450, 448 (25) [Mt  - 

C21H34BrNOSS (492.5): calcd. C 51.22, H 6.69, N 2.84; found C 
51.07, H 6.84, N 2.99. 

The IH-NMR (300 MHz) spectrum of the minor isomer 4e (de- 
tected in the crude product only) differs from that of 3e in: 6 = 
1.09 (d, J = 6.2 Hz), 5.85 (d, J = 9.5 Hz). 

9.6 Hz, l H ,  CH(N-)], 4.42 [dq, J d  1 9.5 Hz, Jq = 6.2 Hz, 1 H, 

C3H71, 387, 385 (70) [M+ - C4H10031, 211 (100) [C10H13NO2S]. - 

(1 S,2E,4S)- and ( I  R,2 E.4S)-N- /2-Bromo-I - (1  , I  -dimethylethyl)- 
4-[ (2-r~zethoxyetlzo.x~~/-rnetlioxy]-2-pentenyl~-2,4,6-trimet~~y~ben- 
zenesul/onamide (3f and 4f): Prepared by reaction of (S)-la (3.18 
g, 10 mmol) and 2f (2.67 g, 10 mmol) dissolved in 30 ml of T H E  
The ratio of diastereomers 3f and 4f amounted to 98:2 in the crude 
product. according to the 'H-NMR spectrum. Purification by col- 
umn chromatography (hexane/ethyl acetatekhloroform, 3:2:3) af- 
forded crystalline 3f (2.55 g, 52%); R,- = 0.85: m.p. 61 "C; [a ]g  = 
-67.6 (c = 1.1 in 95% aqueous ethanol). - 'H NMR (300 MHz): 

2.29 (s, 3H, ArCH,), 2.62 (s, 6H, ArCH3), 3.38 (s, 3H, OCH3), 
3.52-3.78 (m, 4H,  OCH2CH20), 4.05 [d, J = 10.2 Hz, 1 H, 
CH(N-)I, 4.53 [m, 1 H, CH(0-)CH,], 4.71 (s, 2H, OCH20), 5.03 
(d, J = 10.2 Hz, l H ,  NH), 5.93 (d, J =  9.1 Hz, 1 H, BrC=CH), 
6.95 (m, 2H, aromatic H). - MS (70 eV); ndz (YO). 448, 446 (4) 

[CloHI3NO2S]. - C22H36BrN05S (506.5): calcd. C 52.17, H 7.16, 
N 2.17; found C 52.07, H 7.23, N 2.76. 

The 'H-NMR (300 MHz) spectrum of the minor isomer 4f (de- 
tected in the crude product only) differs from that of 3f in: 6 = 
1 . 2 6 ( d , J = 6 . 2 H z ) , 6 . 0 0 ( d , J = 9 . 1  Hz). 

6 = 0.94 [s, 9H, C(CH3)3], 1.18 [d, J = 6.2 Hz, 3H, CH(O-)CH3], 

[M+ C4H7], 344, 342 (35) [M+ - CSH1803], 211 (100) 

(1  S,2E,4S) - and (1  R,2E,4S) -N- {2- Bromo-4-((2-metlzo~~- 
~t lz i~,~~)~net l ioxy]- l -phenyl-2-penten~~l}ben~ene,~u~ami~e (22a and 
23a): Prepared by reaction of (s)-la (3.18 g, 10.0 mmol) and 21a 
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(2.45 g, 10.0 mmol) dissolved in 15 ml of THF; diastereomeric 
ratio: 74:26; yield: 3.71 g (77%). A sample of 22a123a (0.34 g) 
was submitted to column chromatography (hexane/ethyl acetate/ 
chloroform, 1 : 1 :2) to give an analytically pure, oily mixture of 22a 
and 23a (0.16 g); Rf = 0.6. - MS (70 eV); mlz (YO): 378, 376 (12) 

[C,Hs]. - 22a (major distereomer): 'H NMR (300 MHz): 6 = 1.10 

(m, 4H,  OCH2CH20), 4.46 dq, Jd  = 6.5 Hz, Jq = 9 Hz, 1 H, 
CH(0-)CH,], 4.65 (s, 2H, OCH20), 5.70 [broad s, 1 H, CH(N-)I, 
5.89 (d, J = 9 Hz, 1 H, BrC=CH), 7.25-8.03 (m, 10H, aromatic 
H). - 23a (minor diastereomer): 'H NMR (300 MHz): Differs in 
6 = 1.18 (d, J =  6.5 Hz), 3.39 (s), 4.72 (AB system, JAN = 7 Hz, 
OCH20), 6.02 (d, J = 9 Hz). - C21H26BrNOSS (484.4): calcd. C 
52.07, H 5.41, N 2.89; found C 51.91, H 5.50, N 2.83. 

[M+ - CdH9031, 157 (52) [C*H1303], 141 (35) [C6HSOZS], 77 (100) 

[d, J =  6.5 Hz, 3H, CH(O-)CHI], 3.33 (s,  3H, OCH3), 3.45-3.69 

( I  S,2 E, 4 s )  - and ( 1 R,2 E,4S) - N- (2- Brom-4-[ (2-methoxy- 
e t hoxy ) met hoxy 1-1 -pheny 1-2 -pen ten y 1)  -4- ( dimet hy lam ino ) - 
benzenesulfonumide (22b and 23b): Prepared by reaction of (S)-la 
(3.18 g, 10.0 mmol) and 21b (2.88 g, 10.0 mmol) dissolved in 40 
ml of THF: diastereomeric ratio: 89.5:10.5; yield: 2.95 g (56%). A 
sample of 22b/23b (0.40 g) was submitted to column chromatogra- 
phy (hexane/ethyl acetatekhloroform, 1 : 1 : 1) to give an oily mixture 
of 22b and 23b (0.35 g); Rf= 0.6. - MS (70 eV); m/z (YO): 527, 

(major diastereomer): 'H NMR (300 MHz): 6 = 1.15 [d, J = 6.3 

3.45-3.68 (m, 4H, OCH2CH20), 4.48 [dq, Jd  = 6.3 Hz, Jq = 9 

CH(N-)I, 5.92 (d, J = 9 Hz, 1 H, BrC=CH), 6.59-7.71 (m, 9H, 
aromatic H). - 23b (minor diastereomer): 'H  NMR (300 MHz): 
Differs in 6 = 1.19 (d, J = 6.3 Hz), 3.37 (s), 4.73 (AB system. JAB = 

7 Hz, OCHzO), 6.06 (d, J =  9 Hz). - C23H31BrN20SS (527.5): 
calcd. C 52.37, H 5.92, N 5.31; found C 52.41, H 6.04, N 5.31. 

525 (17) [M+], 184 (90) [C~HIONOZS], 59 (100) [C2H302]. - 22b 

Hz, 3H, CH(O-)CH3], 3.00 [s, 6H, N(CH,),], 3.33 (s, 3H, OCH3), 

Hz, 1 H, CH(O-)CH,], 4.65 (s, 2H, OCHZO), 5.62 [s, 1 H, 

(iS2E,4S)- and (lRi,2E,4S)-N-{2-Bromo-4-[(2-methox~~- 
ethoxy) metlzoxyj-1 -phenyl-2-pentenyl,'-4-1~ethoxyhenzenesul- 
fbnnmide (22c and 23c): Prepared by reaction of (S)-lb (2.23 g, 7.1 
mmol) and 21c (1.95 g, 7.1 mmol) dissolved in 20 ml of THF; 
diastereomeric ratio: 81.5:18.5; yield: 2.83 g (78%). A sample of 
2 2 ~ 1 2 3 ~  (0.54 g) was submitted to column chromatography (hexane/ 
ethyl acetdte/ch\oroform, 1 : 1 :2) to give an oily, viscous mixture of 
22c and 23c (0.46 g); Rf = 0.7. - MS (70 eV); m/z (%): 408, 406 

[C7HgN03S]. 171 (100) [C7H703S]. - 22c (major diastereomer): 

3.32 (s, 3H, CH20CH3), 3.51-3.78 (m, 4H, OCHZCH20), 3.84 (s. 
3H, ArOCH,), 4.50 [dq. Jd = 6.3 Hz, Jq = 9 Hz, 1 H, 
CH(O-)CH,], 4.65 (s, 2H. OCH20). 5.67 [broad s. 1 H, CH(N-)I, 
5.91 (d, J =  9 Hz, l H ,  BrC=CH), 6.90-7.94 (m, 9H,  aromatic 
H). - 23c (minor diastereomer): 'H  NMR (300 MHz): Differs in 
6 = 1.18 (d, J =  6.3 Hz), 3.39 (s), 3.85 (s), 4.72 (AB system, JAB = 
8.5 Hz, OCH20), 6.04 (d, J = 9 Hz). - C22H28BrN06S (514.4): 
cdlcd. C 51.37, H 5.49, N 2.72; found C 51.59, H 5.53, N 2.75. 

(100) [Mt - C7H70], 343, 341 (70) [M+ - C7HE03S], 186 (80) 

'H NMR (300 MHz): 6 = 1.14 [d, J == 6.3 Hz, 3H, CH(O--)CH,], 

( 1  S,2 E,4S) - and ( I  R,2E,4S) -N- (2- Bronio-4-[ (2-met1io.u). 
e t h o x y )  ~~e thoxy] - l -pheny l -2 -pen ten ) . l / -4 -me thy lhenzen~~~su~-  
,fonamide (22d and 23d): Prepared by reaction of (S)-la (3.10 g, 9.8 
mmol) and 21d (2.59 g, 10.0 mmol) dissolved in 20 ml of THF; 
diastereomeric ratio: 79.5:20.5; yield: 3.22 g (66'Yo). A sample of 
22d/23d (0.30 g) was purified by column chromatography (diethyl 
ethedhexane, 3: 1) to give a yellowish, oily mixtiire of 22d/23d (0.22 
g); R f =  0.5. - MS (70 eV); vdz (iYo): 394, 392 (12) [M+ - 
C4Hlo03], 171 (32) [C7H9N02S], 91 (100) [C,H,]. - 22d (major 
diastereomer): 'H NMR (300 MHz): 6 = 1 . 1  1 [d, J = 6.3 Hz, 3H, 

CH(0-)CH,], 2.40 (s, 3H, ArCH3), 3.32 (s, 3H, OCH3), 
3.44-3.70 (m, 4H, OCH2CH20), 4.54 [dq, Jd = 6.3 Hz, Jq = 9.0 
Hz, 1 H, CH(0-)CH,], 4.64 (s, 2H, OCH20), 5.68 [broad s, 1 H, 
CH(N-)I, 5.90 (d, J = 9.0 Hz, 1 H, BrC=CH). 7.23-7.93 (m, 9H, 
aromatic H). - 23d (minor diastereomer): IH NMR (300 MHz): 
Differs in 6 = 1.18 (d, J =  6.3 Hz), 2.43 (s), 3.38 (s), 4.66 (AB 
system, JAB = 8.5 Hz, OCH20), 6.03 (d, J = 9 Hz). - 

C22H28BrN0sS (498.4): calcd. C 53.01, H 5.66, Br 16.03; found C 
52.92, H 5.71, Br 15.86. 

(lS,2E,4S)- and (lR,2E,4S]-N-{2-Bromo-4-[(2-r~irtIio.~~- 
e t h m y )  m e t h oxy ] - I -ph en y l-2 -pen ten y 1)  -4 - f lu  o r o ben :en rs  II I -  
fonamide (22e and 23e): Prepared by reaction of (S)-la (1.91 g; 6.0 
mmol) and 21e (1.58 g, 6.0 mmol) dissolved in 30 ml of THF; 
diastereomeric ratio: 70.5:29.5. The crude product was purified by 
column chromatography (hexane/ethyl acetatekhloroform, 3: I : I ) 
to give a mixture of 22e and 23e (1.78 g, 59'Yn); Rf = 0.8. - MS 
(70 eV); mlz ('Yn): 398, 396 (18) [M+ - CdH9031, 157 (64) 
[ C ~ H ~ F O Z S I , ~ ~  (29) [ C d W l ,  89 (51) [GH7031, 59 (100) [C3H701. 
- 22e (major diastereomer): 'H NMR (300 MHz): 6 = 1.14 [d, 
J =  6.3 Hz, 1 H, CH(O-)CH,], 3.34 (s, 3H, OCHj), 3.47-3.73 
(m, 4H, OCH2CHIO), 4.50 [dq, J d  = 9 Hz, Jq = 6.3 H z ,  1 H, 
CH(O-)CH,], 4.65 (s, 2H, OCHZO), 5.71 (d, J =  9.4 Hz, IH,  
NH), 5.85 [d, J = 9.4 Hz, 1 H, CH(N-)I, 5.91 (d, J = 9 Hz, 1 H. 
BrC=CH), 7.10-7.39 (m, 7H, aromatic H), 7.87-7.91 (m, 2H, 
aromatic H). - 23e (minor diastereomer): 'H NMR (300 MHz): 
Differs in 6 = 1.18 (d, J = 6.3 Hz), 3.40 (s), 4.71 (AB system, JAB = 

7.8 Hz, OCH20), 5.60 (d, J = 8.7 Hz). - C21H25BrFN05S (502.4): 
calcd. C 50.21, H 5.02, N 2.79; found C 50.27, H 4.96, N 2.63. 

(iS,ZE,4S)- und (lR,2E,4S)-N-{2-Bromo-4-[(2-rnetho,xy- 
e t 11 o sy ) met h o s y ] - I -p  h e n y 1-2 -pen ten y 1 1 - 4 - ch I o Y o h en ze n e s u 1- 
Jonamide (22f and 23f): Prepared by reaction of (s)-la (3.15 g, 9.9 
mmol) and 21f (3.07 g, 11.0 mmol) dissolved in 15 ml of THF; 
diastereomeric ratio: 67:33; yield: 4.20 g (82%). A sample (0.40 g) 
of the crude product was purified by column chromatography (hex- 
ane/ethyl acetate/chloroform, 2: 1 :2) to give an oily, viscous mixture 
of 22f and 23f (0.21 g); Rf = 0.6. - MS (70 eV); n?/z ('%I): 413 (16). 

[C3H70]. - 22f (major diastereomer): 'H NMR (300 MHz): 6 = 

3.45-3.72 (m, 4H, OCH2CH20), 4.48 [dq, Jd = 9.0 Hz, Jq = 6.3 
Hz, 1 H. CH(0-)CH,], 4.64 (s. 2H, OCH20), 5.73 [broad s, 1 H, 
CH(N-)I, 5.91 (d, J = 9.0 Hz, 1 H, BrC=CH), 7.27-7.86 (m, 9H, 
aromatic H). - 23f (minor diastereomer): 'H NMR (300 MHz): 
Differs in 6 = 1.17 (d, J = 6.5 Hz), 3.38 (s), 4.69 (AB system, JAB = 
7.0 Hz, OCH20), 6.03 (d, J = 9.0 Hz). - C21H25BrCIN05S 
(518.9): calcd. C 48.61, H 4.86, N 2.70; found C 48.85, H 4.95, 
N 2.60. 

41 1 (22) [M+ - CdH903], 177 (6), 175 (18) [C6HdCIN02S], 59 (100) 

1.13 [d, J =  6.5 Hz, 3H, CH(O-)CH,], 3.32 (s, 3H, OCH,), 

( I  S,2E,4S)- and (lR,2E,4S)-N- {2-Bromo-4-[(2-rriet~io.~y- 
e tli ox y ] in e t k osy J - I -pli en y 1-2 -pen ten y I,' -4- ( t r f l u 0  rom e thy I )  - 
benzenesulfonumide (22g and 23g): Prepared by reaction of (S)-la 
(1.91 g; 6.0 mmol) and 21g (1.88 g, 6.0 mmol) dissolved in 30 ml 
of THF; diastereomeric ratio: 55:45. The crude product was puri- 
fied by column chromatography (hexane/ethyl acetatekhloroform. 
2: 1 : 1) to give an oily mixture of 22g/23g (2.03 g, 61 %I), R f  = 0.65. 
- MS (70 eV); ndz (%): 448, 446 (21) [Mi - C4H903], 157 (73) 
[C8H1302], 145 (31) [C7H4F3], 59 (100) [C3H70]. - 22g (major di- 
astereomer): 'H  NMR (300 MHz): 6 = 1.10 [d, J = 6.3 Hz, 3 H, 
CH(O-)CH,], 3.35 (s. 3H, OCH,), 3.48-3.72 (m, 4H, OCH2- 
CHZO), 4.49 [dq, Jd = 9.2 Hz, Jq = 6.3 Hz, 1 H, CH(O-)CH3], 
4.64 ( s ,  2H, OCH20), 5.75 (d, J =  9.6 Hz, 1 H, NH), 5.80 [d, J =  
9.6 Hz, IH,  CH(N-)I, 5.90 (d, J =  9.2 Hz, 1 H. BrC=CH), 
7.26-7.37 (m, 5H, aromatic H), 7.70-8.05 (m, 4H, aromatic H). 
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- 23g (minor diastereomer): 'H NMR (300 MHz): Differs in 6 = 
1.18 (d, J =  6.3 Hz), 3.40 (sj, 4.67 (AB system, JAB = 7.8 Hz, 
OCH20). 6.03 (d, J = 9.2 Hz). - C22H25BrFN05S (552.4): calcd. 
C 47.84, H 4.56, N 2.54; found C 47.81, H 4.58, N 2.42. 

( IS ,?E,4S)-  and ( 1  R,2E,4S)-N- {2-Bronio-4-[(2-methoxyeth- 
o.\-y J 111 e i h  (I . \ -?]  - 1 - / I  Ii e ny  1-2 -1) en t e nj' 1 - 4 - n it YO b e n z en es u ( fo n - 
uirzide (22h and 23h): Prepared by reaction of (S)-la (3.07 g, 9.66 
mmol) and 21h (2.81 g, 9.7 mmol). The sulfonamide was added as 
a suspension in 40 ml of THF; diastereomeric ratio: 55:45; yield 
1.26 g (25'%1). A sample (0.50 g) of the crude product was purified 
by column chromatography (hexanelethyl acetatekhloroform. 
1 : 1 :2) to give a yellowish, oily mixture of 21h and 22h (0.21 g); 
R,-= 0.7. - MS (70 eV); ndz (56): 424, 422 (44) [M' - C4H903], 

(major diastereomer): 'H  NMR (300 MHz): 6 = 1.12 [d, J = 6.5 
Hz, 3H, CH(0-)CH,], 3.39 (s, 3H, OCH3), 3.52-3.77 (m, 4H, 
OCH2CH20), 4.39-4.52 [m, IH,  CH(O-)CH31, 4.64 (s, 2H, 
OCH20), 5.76 [broad s, 1 H, CH(N-)I, 5.90 (d, J = 9.0 Hz, 1 H, 
BrC=CH). 7.28-7.36 (m, 9H, aromatic H). - 23h (minor diastere- 
omer): ' H  NMR (300 MHz): Differs in 6 = 1.18 (d, J = 6.3 Hz), 
3.41 (s), 4.73 (AB system, JAB = 7.0 Hz, OCH20), 6.05 (d, J = 9.0 
Hz). - C21H15BrN207S (529.4): calcd. C 47.64, H 4.76, N 5.29; 
found C 47.75, H 4.94, N 5.17. 

157 (68) [CgHi?O?], 90 (94) [C4Hi002], 59 (100) [C,H70]. - 22h 

Gonerd Proccd~iw ( G  El 3 )  J;)r the Conversion of the Vinyl Bro- 
tirit/e.s 3a untt 3d-f into Alkmes l l a - d :  An approximately 0.2 M 

solution of the vinyl bromides 3a and 3d-f in T H F  was stirred 
under nitrogcn at - 105°C in a 250-ml two-necked flask equipped 
with a stirring bar, a connection to the combined nitrogenlvacuum 
line. and a thermocouple which was introduced through a septum. 
A 1.5 >I solution of rot-butyllithium in pentane (26.7 ml, 40 mmol) 
was added to the vigorously stirred solution in such a way that the 
temp. did not exceed -95°C. The mixture, which turned into a 
dark orange color, was allowed to reach -30°C within I h. There- 
after, thc solution was cooled to -78°C and methanol (3 ml) and 
a satd. aqucous solution of NH4CI (20 ml) were added. The mix- 
turc w a s  poured into diethyl ether (100 ml) and the organic layer 
was separated. The aqueous phase was extracted with three 20 ml 
portions of diethyl ether. The combined organic layers were washed 
with brine (30 mi) and dried with MgS04. The solvent was removed 
in a rotary evaporator, and the residue was purified by column 
chromatography., 

Using this procedure, the following were obtained: 

( I R , ZZ. 4 S )  - N - {4- [ ( 2 -Me tli o.\-ye tli o.uy ) m e  tho.uy] - I -phenyl-2- 
peir ienj.1 / -2,4,6- tr-irner/iylbeti~ene.~ulfbnanzine (1 1 a): Prepared from 
3a (5.36 g, 10.0 mmol; >98'%1 d.e.). The crude product (4.4 g) was 
purified by column chromatography (hexanelethyl acetatekhloro- 
fbrni. 3 : 3 : 2 )  to give colorless, oily l l a  in 92% yield (4.09 g); Rf = 

0.46; [a];;' = -96.8 ( c  = I in 95% aqueous ethanol). - 'H NMR 

3H, ArCH3), 2.55 (s, 6H,  ArCH3), 3.35 (s, 3H, OCH?), 3.45-3.68 
(m. 4H. OCH2CH,0), 4.45 [dq, Jd = 9.8 Hz, Jq = 6.3 Hz, IH,  
CH(O--)CH?]. 4.50 (AB system, JAB = 6.9 Hz, 2H, OCH20), 
5.18-5.25 (ni, 2H, HC=CHj, 5.28-5.35 [m, 1 H, CH(N-)], 5.62 
(d. J =  8.5 Hz, 1 H, NH), 6.85-7.21 (m, 7H, aromatic H). - MS 
(70 eV): /id: ('%I): 341 (7) [ M +  - C4H10031, 198 (45) [CYHIJVO~S], 

N 3.13; found C 64.30, H 7.41, N 3.26. 

(300 MHz): 6 = 1 .11  [d, J =  6.3 Hz, 3H, CH(O-)CH,], 2.25 (S, 

119 (100) [CqHI I]. - C24H?NOSS (447.6): calcd. C 64.40, H 7.43, 

( I S, 2 2 , 4  S )  - N - {4- [ ( 2 -Me  thoxye thosy ) mutho.u~y]- 1 - ( 2  -in ethyl- 
pro j ) j , l )  -2-pct1tetiyl/-Z.4,6-tri1~1rtlzj~lben~e~~t~.s~ilfon~1i~ii~le (1 1 b): Pre- 
pared from 3d (1.36 g, 2.7 mmol; >98% d e . ) .  The crude product 
was purified by column chromatography (hexanelethyl acetatel 
chloroform, 1 : I : I )  to give colorless, crystalline I l b  (1.09 g, 95'%1); 

Rf = 0.82; m.p. 58°C; [a]g = -51.9 ( c  = 1.1 in 95% aqueous etha- 
nol). - IH NMR (300 MHz): 6 = 0.79 and 0.84 [2 d, Jz= 6.6 

1.18-1.43 [m, 2H, CH2CH(CH,)2], 1.53-1.64 [m, l H ,  
CH2CH(CH,),], 2.29 (s, 3H, ArCH,), 2.64 (s, 6H, ArCH,), 3.37 
(s, 3H, OCH3), 3.51-3.76 (m, 4H, OCH2CH20), 4.01-4.12 [m, 

CH(0-)CH,], 4.60 (AB system, JAB = 7.0 Hz, 2H, OCH20), 4.65 
(d, J =  8.1 Hz, IH,  NH), 5.12-5.31 (m, 2H, CH=HC), 6.94 (s, 
2H, aromatic H). - MS (70 eV); mlz ('YO): 322 (16) [M+ - 

[Cdi i I ,  89 (83) [C4H9021, 59 (100) [C,H701. - C22HnN05S 
(427.6): calcd. C 61.80, H 8.72, N 3.28; found C 61.94, H 8.77, 
N 3.19. 

(lS,2Z,4S) -N-  J4-[ (2-Metlio~yethoxy)nzrthoxy]-l- (]-methyl- 
etliyl)-2-pentenyl)-2.4,h-trin~rtlt),lheM=enesu~onunzide (llcj: Pre- 
pared from 3e (3.94 g, 8.0 mmol; 98% d.e.). The crude product was 
purified by column chromatography (hexanelethyl acetatekhloro- 
form, 3:2:3)  to give colorless, oily I l c  (3.10 g, 94%); Rr= 0.65; 
[a]g' = -31.6 (c = 1.1 in 95% aqueous ethanol). - IH NMR (300 
MHz): 6 = 0.83 and 0.87 (2 d, J = 6.8 Hz, 3 H  each, CH(CH,)2], 
0.97 [d, J =  6.3 Hz, 3H, CH(0-)CH,], 1.72-1.81 [m, I H ,  
CH(CH3)2], 2.28 (s, 3H, ArCH,), 2.64 (s, 6H,  ArCH,), 3.37 (s, 
3H, OCH3), 3.51-3.71 (m, 4H, OCH2CH20), 3.83-3.92 [m, lH ,  

4.61 (AB system, J A B  = 7.0 Hz, 2H, OCH20), 4.84 (broad s, l H ,  
NH), 5.22-5.37 (m, 2H, HC=CH), 6.93 (s, 2H, aromatic H). - 
MS (70 KV); nilz ( 'Xi): 198 (17) [C9HI2NO2S], 183 (19) [CYHi1O2S], 

C21H35N05S (413.6): calcd. C 59.01, H 7.26, N 2.29; found C 
59.21, H 7.23, N 2.21. 

( I  R,ZZ,4S)-N- {I  -( I ,  I -Dinzethylethyl) -4-[ (2-metlioxlyrtkox~)- 
m~~tho.\-y/-2-pentenylj-2,4,6-~rin~etiiylbenzene,su~~nut~~ide (1 Id): 
Prepared from 3f (5.06 g, 10.0 mmol; >98% d.e.). The crude prod- 
uct was purified by column chromatography (hexanelethyl acetatel 
chloroform, 3:2:3) to give colorless solid l l d  (4.05 g, 95%); Rf = 

0.74; m.p. 56°C; [a]$' = -47.5 ( c  = 1.2 in 95% aqueous ethanol). 

6.3 Hz, 3H, CH(0-)CH,], 2.28 (s, 3H, ArCH,), 2.64 (s, 6H,  
ArCH,), 3.39 (s, 3H, OCH3), 3.53-3.78 (m, 4H, OCH2CHZO), 
3.78-3.84 [m, I H, CH(N-)], 4.41-4.47 [m, 1 H, CH(0-)CH,], 
4.66 (AB system, JAB = 5.5 Hz, 2H, OCH20), 4.67 (broad s, 1 H, 
NH), 5.32-5.35 (m, 2H, CH=CH), 6.92 (s, 2H, aromatic H). - 
MS (70 eV); mlz ('Yn): 370 (4) [M+ - C4H9], 322 (10) [M+ - 
C4H9031, 212 (100) [CIOHI~NOZS], 89 (25) [C&Od, 83 (49) 

found C 61.72, H 8.74, N 3.20. 
Gerieml Procedure (G El 4 )  for the Ozonobsis of Bromoulkenes 

3a-d: A stream of ozone in O2 was passed, via a frit, through a 
solution of the bromoalkene 3a-d (10 mmol) in 75 ml o f a  mixture 
of dry dichloromethane and absolute methanol (8:l) at -78°C un- 
til the blue color persisted. The mixture was allowed to reach 
-40 "C gradually, while the stream of ozone was maintained. 
Thereafter, the solution was cooled again to -78"C, treated suc- 
cessively with streams of O2 and N2, and transferred to a sepa- 
ratory funnel. A 0.5 M aqueous solution of Na2C03 (100 ml) was 
then added. The phases were separated, and the organic layer was 
extracted three times with dichloromethane. The combined organic 
layers were washed with brine and dried with MgS04. After the 
removal of the solvent in a rotary evaporator, lactate 7 was distilled 
off under reduced pressure (see below). The residue which con- 
tained N-sulfonyl protected amino acid esters 8a-d was purified 
by column chromatography. 

Hz, 3 H each, CH(CH&], 1.03 [d, J = 6.3 Hz. 3 H, CH(O-)CH,], 

IH,  CH(N-)I, 4.33 (dq, J d =  8.9 Hz, J q =  6.3 Hz, IH,  

C4H9031, 321 (18) [M' - C ~ H I ~ O ~ ] ,  183 (23) [C9H1102SIr 119 (82) 

CH(N-)], 4.31 [dq, J d  = 8.3 Hz, Jq = 6.3 Hz, 1 H, CH(O-)CH,], 

119 (63) [CqHl,], 89 (69) [C4H902], 59 (100) [C?H702]. - 

- 'H NMR (300 MHz): 6 = 0.82 [s, 9H, C(CH3)3], 1.04 [d, J = 

[C,H,t,]. - C22H37N05S (427.6): calcd. C 61.80, H 8.72, N 3.28; 
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Stereoselective Additions of a Chiral Vinyllithium to Sulfonylimines FULL PAPER 
Using this procedure, the following were obtained: 

Methyl (S)-a- ~(2,4,6-Trimetl~yylphenyl)sulfonyl]amino)ben- 
zeneacetate @a): Prepared by ozonolysis of 3a (2.0 g, 3.8 mmol). 
Slightly impure lactate 7 (0.475 g, 65%) was obtained from distil- 
lation of the crude product; b.p. 7O0C/O.1 Torr; [a]:: = -68.1 (c = 

2.3 in 95% aqueous ethanol) {ref.L6] [a12 = -74.9 (c = 0.64 in 95% 
aqueous ethanol)}. The residue was submitted to column chroma- 
tography (hexanekthyl acetate, 2: 1) and recrystallized from carbon 
tetrachloride to give 1.03 g (78%) of colorless 8a; Rr = 0.76; m.p. 
107°C; [a]$ = +67.0 ( c  = 1.8 in 95% aqueous ethanol). - 'H 
NMR ([D,]DMSO; 60 MHz): 6 = 2.20 (s, 3H, ArCH3), 2.54 (s, 
6H,  ArCH3), 3.40 (s, 3H,  OCH,), 4.83 [d, J =  10 Hz, I H ,  
CH(-N)], 6.88-7.22 (m, 7H,  aromatic H), 8.67 (d, J =  10 Hz, 
1 H, NH). - MS (70 eV); m/z (%I): 347 (15) [M+]. 287 (100) [M+ 
- C2H402). - C18H21N04S (347.4): calcd. C 62.23, H 6.09, N 
4.03; found C 62.21, H 6.19, N 4.01. 

Methyl ( S )  -4-Methoxy-a- {[ /2,4,6- tritnethylphenyl) sulfonyll- 
Llmirzo)benl7enL'ucetclte (8b): Prepared by ozonolysis of 3b (4.29 g, 
7.70 mmol). Purification of the residue by column chromatography 
(hexanekthyl acetate, 2: I )  afforded crystalline 8b (2.18 g, 75%)); 
Rf = 0.7; m.p. 79°C; [a12 = +65.7 ( c  = 1.85 in 95% aqueous etha- 
nol). The spectroscopic data were identical with those of (R)-8b, 
obtained according to G. P. 5 (see below). 

Methyl (S)-4- {[Dimethyl(l,  l,2-tri1netliylprop~~l)silyl]o.~~~}-a- 
(((2,4,6-trin~iet~i~~ylphenyl))suifonyl]amino)benzene~icetate (8c): Pre- 
pared by ozonolysis of 3c (2.3 g, 3.3 mmol). Purification of the 
residue by column chromatography (hexanelethyl acetatekhloro- 
form, 2 : l : l )  afforded solid 8c (1.13 g, 68%); R f =  0.85; m.p. 87°C. 
- ' H  NMR (60 MHz): 6 = 0.20 [s, 6H, Si(CH,),], 0.90 [m, 12H, 
C(CH,)2CH(CH3)2], 1.72 [m, 1 H, CH(CH,),], 2.16 (s, 3H, 
ArCH3), 2.50 (s, 6H,  ArCH,), 3.47 (s, 3H, OCHJ, 4.82 [d, J = 7 
Hz, IH ,  CH(N)], 5.56 (d, J =  7 Hz, l H ,  NH), 6.35-7.10 (m, 6H,  
aromatic H). - MS (70 eV); nz/z (YO): 505 (10) [M+], 445 (100) [M+ 
- C2H401]. - C26H39N03SSi (505.7): calcd. C 61.75, H 7.77, N 
2.77; found C 61.81, H 7.78, N 2.82. 

Methyl ( S )  -4-Methyl-2- {[ (2,4,6-tritnet~~~~lphen)~I).sulfonyl]- 
umino)pentnnoute (8d): Synthesized by ozonolysis of 3d (0.98 g, 
1.9 mmol). The residue was purified by column chromatography 
(hexandethyl acetatekhloroform, 1 : 1 : 1) and subsequently recrys- 
tallized from carbon tetrachloride to give colorless, 8d: yield 0.282 
g (45%)); Rr = 0.9; m.p. 80°C; [a]% = +33.9 ( c  = 1 in 95% aqueous 
ethanol). The spectroscopic data corresponded to those of a sample 
of (S)-8d which was prepared from leucine methyl ester (see G. 
P. 5 ) .  

General Procedure ( G  P 5 )  ,for the Conversion of a-Amino Acid 
Esters into a-Sulfbnylumino Acid Esters 8: The hydrochloride of 
the corresponding a-amino acid methyl ester 8 (30.0 mmol) was 
dissolved in 10 ml of pyridine and stirred at 0°C under N2. A 
solution of 2,4,6-trimethylbenzenesulfonyl chloride (6.56 g, 30.0 
mmol) in pyridine (10 ml) was added dropwise by a syringe. Stirring 
was continued for 48 h at room temp. The mixture was poured into 
water (100 ml) and extracted several times with diethyl ether (250 
ml). The combined organic layers were washed several times with 
I N hydrochloric acid and with a satd. aqueous solution of 
NaHCOI, dried with MgS04 and concentrated under reduced 
pressure. The residue was recrystallized from carbon tetrachloride. 

Using this procedure, the following were obtained: 

(R)-8a: Synthesized from the hydrochloride of (R)-phenylglycine 
methyl ester['3] (6.05 g, 30 mmol). Yield: 7.8 g (74.9'%1); [a]$ = 

-69.2 (c = 0.2 in 95% aqueous ethanol). The spectroscopic data 
were in accordance with those of S-8a described above. 
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(R)-8b: Synthesized from the hydrochloride of (R)-4-methoxy- 
phenylglycine methyl ester[24] (6.95 g, 30 mmol). Yield: 7.69 g 
(68%1); [a]$ = -63.0 (c = 1.4 in 95% aqueous ethanol). - 'H 
NMR (60 MHz): 6 = 2.20 (s, 3H,  ArCH3), 2.55 (s, 6H,  ArCH,), 
3.46 (s, 3H, C02CH3), 3.64 (s, 3H,  ArOCH3), 3.82 [d, J = 7 Hz, 
l H ,  CH(N-)I, 4.64 (d, J =  7 Hz, l H ,  NH), 6.40-7.15 (m, 6H, 
aromatic H). - MS (70 eV); mlz (%I): 377 (4) [M+], 317 (80) [M+ 
- C2H402], 119 (100) [C9Hll]. - CI9H,,NO5S (377.5): calcd. C 
60.46, H 6.14, N 3.71; found C 60.44, H 6.11, N 3.69. 

(S)-8d: Synthesized by reaction of the hydrochloride of (S)-leu- 
cine methyl ester (9.08 g, SO mmol) with 2,4,6-trimethylbenzenesul- 
fonyl chloride (10.93 g, SO mmol). Yield: 15.35 g (94%); m.p. 80°C: 
[a]g = -36.2 ( c  = 2.0 in 95% aqueous ethanol). - 'H NMR (300 
MHz): 6 = 0.80, 0.88 [2 d, J =  6.6 Hz, 3 H  each, CH(CH3)2], 
1.39-1.56 (m, 2H, CH?), 1.67-1.77 [m. 1 H, CH(CH&], 2.29 (s, 
3H, ArCH3), 2.64 (s, 6H,  ArCH7), 3.43 (s, 3H,  OCH3), 3.80-3.88 
[m, 1 H, CH(N-)I, 5.20 (d, J = 10.2 Hz, IH, NH), 6.91 (s, 2H, 
aromatic H). - MS (70 eV); m/z  (%): 327 (4) [M+], 267 (24) [M+ 

58.69, H 7.70, N 4.28; found C 58.69, H 7.67, N 4.25. 
- C2H4021, 119 (100) [C,H,,]. - ClbH25N04S (327.4): calcd. C 

Gencrd Procedure (G  l? 6 )  ,fbr the Conversion of' Methyl Esters 
8 into a-Sulfonylumino Acids 9: The methyl esters 8 (1.0 mmol) 
were stirred in 7.0 ml of a 0.5 M aqueous solution of LiOH. A few 
drops of methanol were added in order to dissolve the ester 8. Stir- 
ring was continued for 5 h at room temp. Thereafter, the mixture 
was acidified by addition of 1 M hydrochloric acid and extracted 
several times with ethyl acetate and with diethyl ether. The com- 
bined organic layers were washed with brine, dried with MgS04 
and concentrated under reduced pressure. The residue was purified 
by recrystallization. 

Using this procedure, the following were obtained: 

( S )  - and ( R) -a- ([ (2,4.6- Trimethylpher~yl)sulfonyl]~mino 1- 
benzeneacetic Acid (9a): (59-9a: Prepared by hydrolysis of (S)-8a 
(0.30 g, 0.86 mmol). The crude product was recrystallized from 
chloroform/methanol (4:l) to give colorless ( 9 - 9 a  (0.261 g, 91 %I); 
m.p. 157°C; [alg = +104.5 ( c  = 2.3 in 95% aqueous ethanol). - 
(R)-9a: Prepared by hydrolysis of (R)-8a (1.0 g, 2.9 mmol). Yield: 
0.90 g (97%); m.p. 157"C, [alg = -107 ( c  = 2.1 in 95% aqueous 
ethanol). - 'H N M R  ([D,]DMSO; 60 MHz): 6 = 2.42 (s, 3H, 
ArCH,), 2.75 (s, 6H,  ArCH3), 6.95-7.30 (m, 7H,  aromatic H), 
8.46 (d, J =  10 Hz, I H ,  NH). - CI7Hl9NO4S (333.4): calcd. C 
61.24, H 5.74, N 4.20; found C 61.25, H 5.77, N 4.18. 

(S)- arid (Rj-4-Metho~~y-a-1/((2,4,6-trirnetl1~[pherzyI/sulfonyl]- 
umino)benzenc,acetic Acid (9b): (9-9b:  Prepared by hydrolysis of 
(S)-8b (0.30 g, 0.79 mmol). Recrystallization from chloroform and 
a few drops of methanol afforded (9-9b (0.256 g, 89%); m.p. 
131°C; [a]E = +105.0 (c = 1.8 in 95%) aqueous ethanol). - (R)- 
9b: Prepared by hydrolysis of (R)-8b (0.30 g, 0.79 mmol). Yield. 
0.235 g (82%); m.p. 131 "C, [a]g = -107.2 (c = 2.0 in 95% aque- 
ous ethanol). - 'H NMR ([D,]DMSO; 60 MHz): 6 = 2. I5 (s. 3 H, 
ArCH3), 2.45 (s, 6H,  ArCH3), 3.64 (s, 3H, ArOCH,), 4.61 [d, J = 

10 Hz, 1 H, CH(N-)I, 6.64-7.20 (m, 6H, aromatic H), 8.28 (d, 

5.82, N 3.85; found C 59.52, H 5.87, N 3.83. 
J =  10 Hz, 1 H, NH). - Cl8H2lNOiS (363.4): calcd. C 59.49, H 

is)- and (R)-4-H~droxy-a-~[(2,4,6-trinietl iyylphen~~l)su~~iiyl~- 
amino)herz~eneuc.etic Acid (9c): (9-9c:  Prepared by hydrolysis of 
silyl-protected methyl ester (59-8c (0.21 g, 0.42 mmol). Recrystalli- 
zation of the crude product from chloroform and a few drops of 
methanol afforded (S)-9c (0.129 g, 87.7%); m.p. 186°C (decomp.); 
[a12 = + 106.1 ( c  = 1 in 95% aqueous ethanol). - (R)-9c: Pre- 
pared from 4-hydroxyphenylglycine by following the general pro- 
cedures G. P. 5 [to give (R)-8e which is not purified] and G. P. 6. 
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Yield: 72%; [a]g = -106.9 (c  = 1 in 95% aqueous ethanol). - 'H 
NMR ([DJDMSO: 60 MHz): 6 = 2.35 (s, 3H,  ArCH3), 2.70 (s, 
6H,  ArCH,), 6.69-7.29 (m. 6H,  aromatic H), 8.41 (d, J = 10 Hz, 
1 H, NH), 9.6 (broad s, 1 H, OH). - CI7Hl9NO5S (349.4): calcd. 
C 58.44, H 5.48. N 4.01; found C 58.41, H 5.45, N 4.00. 

( S )  -4-Mrthyl-2- /[~2,4,6-trirnethylphenyl).sulfonyl]ainino}- 
pentrinoir, Acid (9d): Prepared by hydrolysis of (S)-Sd (0.24 g, 0.73 
nimol). Yicld: 0.23 g (99%) of waxy (S)-9d: [a]$ = -13.7 (c = 1.8 
in 95'h aqueous ethanol, sample prepared by the sulfonylimine 
route); [CC]?~' = - 14.4 [c = 1.9 in 95% aqueous ethanol, sample pre- 
pared from (S)-leucine methyl ester]. - 'H NMR (300 MHz): 6 = 
0.72, 0.87 [? d. J = 6.5 Hz, 3 H each, CH(CH,),], 1.47-1.53 (m, 
2H,  C'H:). 1.67-1.72 [m, I H ,  CH(CH,),], 2.28 (s, 3H, ArCH?), 
2.63 (s. 6H,  ArCH;), 3.78-3.84 [m, 1 H, CH(N-)I, 5.37 (d, J =  
10 Hz, I H ,  NH), 6.94 (s, 2H,  aromatic H), 9.50 (broad s, I H ,  

found C 57.42, H 7.33, N 4.44. 
COZH). - CljH23N04S (313.4): calcd. C 57.49, H 7.40, N 4.47; 

( Ri-a- Aiiiitioheiiretieucetic Acid (Plienylglycine) by Deprotection 
of' 9a with SorliunzlAi?zinoniti: Approximately 80 ml of ammonia 
were condensed in a 250-ml two-necked flask at -50°C. For the 
purpose of drying, small pieces of sodium were added until a blue 
color persisted. Thereafter, the ammonia was allowed to evaporate 
and recondensed in a pressure-equalized dropping funnel with a 
mantle which was filled with dry ice/acetone. The dropping funnel 
was fitted with a 100-ml two-necked flask equipped with a connec- 
tion to the combined vacuum/nitrogen line, and charged with (R)- 
9a ( I  .O g, 3.0 mmol). The solid 9a  was dissolved by addition of 
about 20 nil of ammonia through the dropping funnel. The re- 
sulting solution was stirred with a glass-couted stirring bar at 
- 50 "C. Small. freshly cut pieces of sodium (0.23 g, 10 mmol) were 
added to the dropping funnel so that a deep blue colored solution 
formed. This solution was added dropwise to the stirred mixture 
of9a until the blue color no longer disappeared. Thereafter, a small 
amount (about 10-20 mg) of NH4C1 was added, and the ammonia 
was alloucd to evaporate. The white solid residue (1.21 g) was dis- 
solved in 50 nil of deionized water. Amberlite IRC 50 (NHZ form, 
2 g) was added, and the mixture was stirred for 30 min. The resin 
was filtered and washed with water. The combined filtrates were 
passed through a column containing 15 g of amberlite 120 (H+ 
form). Thereafter. the amino acid was eluted by 200 ml of a 3'Yn 
aqtieous solution of ammonia. The eluate was concentrated in a 
rotary evaporator and the dry residue was recrystallized from water 
to give 0.269 g (59'%1) of (R)-phenylglycine; [a13 = -153.1 (c = 1 
i n  1 M hydrochloric acid) (authentic [a]$) = - 155 (c = 

1 in I hi hydrochloric acid)). 

( R)-cu-Aiiiiiiohm_ene(i~elic Acid (Phenylgll.cine) hy Depro- 
toiicitioii of9a  ii?th Sodium Nuphthalenide: A solution of naphtha- 
lene (1.56 g, 12.0 mmol) in 1,2-dimethoxyethane (70 ml) was stirred 
under N 2  in a 250-in1 two-necked flask, equipped with a septum, a 
concentration to the combined nitrogedvacuum line and a ghss- 
~ o n t r t l  stirring bar. Small pieces of sodium (0.28 g, 12 mmol) were 
added to the mixture which was stirred vigorously at room temp. 
Stirring was continued for 1 h and the dark green mixture was 
cooled to --40°C. A solution of (R)-9a (1.0 g, 3.0 mmol) in 1,2- 
dimethoxyethane (5 ml) was injected dropwise by a syringe through 
the septum, A clear, light green solution formed. Stirring was con- 
tinued for 30 min at -40°C. Then, 24 ml of 0.5 M hydrochloric 
acid and 50 ml of diethyl ether were added. The layers were sepa- 
rated and the aqueous phase was concentrated in vacuo. The resi- 
due w i s  redissolved in 25 ml of 0.5 M hydrochloric acid and washed 
with diethyl ether. The aqueous layer was neutralized by addition 
of a I 1.1 solution of NaOH and, thereafter, submitted to purifi- 

cation by ion exchange resins as described above. Thus, 0.359 g 
(78%) of (R)-phenylglycine was obtained; [a]$ = -153.8 (c = 1 in 
1 M hydrochloric acid). 

General Procedure ( G  P 7) jbr  Ozonolysis of Alkenes 11 and the 
Subsequent Conversion of Aldehjjdes 12 into Amino Hydroxy Esters 
15 by Mukaiyurna Aldol Addition: A stream of ozone was passed, 
via a frit, through a solution of 11 (2.0 mmol) in 40 ml of dichloro- 
methane at -30°C. A fivefold excess of ozone was used compared 
to the amount which was calculated based on the parameters of 
the ozone generator. Thereafter, streams of O2 and N2 were passed 
successively through the solution at -60°C and dimethyl sulfide 
(0.3 ml, 4 mmol) was added. The mixture was allowed to reach 
room temp. within 2 h, transferred to a separatory funnel, washed 
twice with water, and dried with MgS04. The solvent was removed 
in a rotary evaporator at room temp., and the residue was exposed 
to oil pump vacuum at room temp. Lactaldehyde 13 evaporated 
when the residue was heated gently (30°C) at 0.0001 Torr, and was 
isolated via a short-path distillation apparatus, the receiving flask 
of which was cooled by liquid nitrogen. 

The oily residue consisting of the aldehydes 12 was transferred, 
without further purification, to a two-necked flask equipped with a 
stirring bar, a septum, and a connection to the combined nitrogen/ 
vacuum line. The aldehyde 12 was dissolved in 20 ml of dichloro- 
methane, cooled to -78°C and treated dropwise with T ic& (0.22 
ml, 2.0 mmol). The mixture was allowed to reach -40°C within 
30 min and cooled again to -78°C. A solution of ketene acetal 
14[261 (0.372 g, 2.0 mmol) in dichloromethane (10 ml) was precooled 
to -78°C and added slowly. Stirring was continued for 1 h, the 
mixture was allowed to warm to -40°C and then recooled to 
-78 "C. A satd. aqueous solution of NH4C1 (40 ml) was added and 
the mixture was transferred to a separatory funnel. The organic 
layer was separated, and the aqueous phase was extracted four 
times with a total volume of 150 ml of dichloromethane. The com- 
bined organic layers were washed with brine, dried with MgS04 
and concentrated in a rotary evaporator. The residue was purified 
by column chromatography. 

Using this procedure, the following were obtained: 

Methyl (3S,4S) -3-Hydro.uy-2,2-dinzethyl-4-phenyl-4- {[ (2,4,6- 
trirnetlzylplien~~1)sulfbnyl~umino~butunoate (15a): Prepared by 
ozonolysis of l l a  (1.31 g, 2.93 mmol). The crude aldehyde 12a thus 
formed was characterized by 'H NMR (60 MHz): 6 = 2.20 (s, 3H, 
ArCH3), 2.50 (s, 6H,  ArCH,), 4.87 [d, J =  5 Hz, 1 H, CH(N-)], 
5.90 (d, J = 6 Hz, 1 H, NH), 6.67 (s, 2H,  aromatic H), 7.05 (s, 5H, 
aromatic H), 9.22 (s, 1 H, CHO). 

Reaction of crude aldehyde 12a with 14 afforded 15a as a single 
diastereomer according to its 'H-NMR spectra. Purification by col- 
umn chromatography (hexanelethyl acetate/chloroform, 1 : 1 : 1) gave 
waxy 15a (0.88 g, 72%); Rf = 0.65; [a18 = + 17.9 (c = 1 in 95% 
aqueous ethanol). - 'H NMR (300 MHz): 6 = 1.25, 1.33 [2 s, 3 H  
each, C(CH&], 2.15 (s. 3H,  ArCH3), 2.42 (s, 6H,  ArCH3), 3.63 (s, 

(d, J = 6.1 Hz, 1 H, OH), 4.44 [dd, J = 8.4 Hz, J = 3.5 Hz, 1 H, 
CH(NH)], 5.57 (d, J = 8.4 Hz, 1 H, NH), 6.64 (s, 2H,  aromatic H), 
6.90-7.05 (m, 5H,  aromatic H). - MS (70 eV); mlz (%): 419 ( I )  

C22H29N05S (419.5): ca1cd.C 62.98, H 6.97, N 3.34; found C 62.99, 
H 7.05, N 3.49. 

(3R,4R)-15a was obtained in the same way from (R)-lla;  [a]g 
= - 17.8 (c = I in 95% aqueous ethanol). 

3H,  OCH;), 3.78 [dd, J = 6.1 Hz, J = 3.5 Hz, 1 H, CH(OH)], 3.85 

[M+], 287 (90) [M+ - Cl(,H17N02S], 131 (100) [ChH1103]. - 

MetI7y1 (3S,4S) -3-Hydro.uy-2,2,6-trinzetliyl-4- ([ (2,4.6-trimetliyl- 
yhenyl)s~ilfonvl]amino jheptanoate (15b): Prepared by ozonolysis of 
l l b  (0.9 g, 2.1 mmol). Crude aldehyde 12b formed thereby was 
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characterized by 'H NMR (300 MHz): 6 = 0.78, 0.87 [2 d, J = 7.9 
Hz, 3 H  each, CH(CH3),], 1.35-1.60 (m, 2H, CH2), 1.66-1.79 [m, 
IH,  CH(CH,),], 2.29 (s, 3H, ArCH3), 2.65 (s, 6H, ArCH3), 
3.73-3.81 [m, IH,  CH(NH)], 5.46 (d, J =  7.5 Hz, IH,  NH), 6.93 
(s, 2H, aromatic H), 9.45 (d, J = 0.7 Hz, 1 H, CHO). Reaction of 
crude 12b with 14 gave 15b as a single diastereomer according to 
the 'H-NMR spectrum of the crude product. Column chromatog- 
raphy (hexanelethyl acetatelchloroform, 1 : 1 : 1)  afforded crystalline 
15b (0.65 g, 78%); Rf = 0.8, m.p. 101 "C; [a]g) = -14.0 (c = 1.1 in 
95% aqueous ethanol). - 'H NMR (300 MHz): 6 = 0.52 (m, 1 H, 
CHH), 0.61, 0.65 [2 d, J = 6.5 Hz, 3H each, CH(CH3),], 1.32, 1.35 
[2 s, 3 H each, C(CH&], 1.48- 1.55 [m, 2 H, CHH and CH(CH3)2], 
2.30 (s, 3H, ArCH3), 2.61 (s, 6H, ArCH,), 3.45 [dd, J = 7.4 Hz, 
J =  3.1 Hz, 1 H, CH(OH)], 3.52-3.61 [m, IH,  CH(NH)], 3.80 (s, 

1 H, NH), 6.95 (s, 2H, aromatic H). - MS (70 eV); mlz ( I%):  399 

(100) [C9H,,]. - C20H33N05S (399.5): calcd. C 60.12, H 8.32. N 
3.51; found C 60.22, H 8.29, N 3.45. 

Methyl (3S,4S)-3-Hydroxy-2,2,5-trimethyl-4- {[ (2,4,6-trinzeth- 
y~henyl)sulfunyllamino}hex-anoate (15c): Prepared by ozonolysis 
of 1 l c  (1.08 g, 2.6 mmol). The crude aldehyde 12c formed thereby 
was characterized by ' H  NMR (60 MHz): 6 = 0.9 [d, J = 7 Hz, 
6H, CH(CH3),], 1.32-1.62 [m, l H ,  CH(CH,),], 2.30 (s, 3H, 
ArCH3), 2.64 (s, 6H, ArCH3), 4.58-4.79 [m, IH,  CH(NH)], 5.42 
(d, J = 7.5 Hz, 1 H, NH), 6.84 (s, 2H, aromatic H), 9.34 (s, 1 H, 
CHO). Reaction of crude 12c with 14 afforded 15c as a single dia- 
stereomer according to the 'H-NMR spectrum of the crude prod- 
uct. Column chromatography (hexanekthyl acetatelchloroform, 
1 : l : l )  resulted incrystalline 15c (0.75 g, 75%); Rf.= 0.74; m.p. 
106°C; [a]g = -18.8 (c = 1.1 in 95% aqueous ethanol). - 'H  
NMR (300 MHz): 6 = 0.69, 0.72 [2 d, J =  7.0 Hz, 3H each, 
CH(CH&], 1.24, 1.25 [2 s, 3 H  each, C(CH3),], 1.53-1.59 [m, 1 H, 
CH(CH3),], 2.28 (s, 3H, ArCH,), 2.63 (s, 6H, ArCH3), 3.47-3.52 
[m, l H ,  CH(NH)], 3.70-3.72 [m, IH,  CH(OH)], 3.74 (s, 3H, 

NH). 6.92 (s, 2H; aromatic H). - MS (70 eV); mlz ('YO): 385 ( I )  

3H,  OCH3), 4.31 (d, J =  7.4 Hz, IH,  OH), 4.64 (d, J =  10.4 Hz, 

(1) [Mt], 342 (17) [Mt - CdHY], 267 (56) [Mt - C4H9NOZSl 119 

OCH,), 3.82 (d, J =  5.2 Hz, IH,  OH), 5.23 (d, J =  8.6 Hz, l H ,  

[M+], 354 (25) [M+ - CH301, 342 (50) [M+ - C3H71, 253 (70) 
[ C I ~ H I ~ N O ~ S ] ,  131 (SO) [ChH,lO?], 102 (100) [CSHI~NO]. - 
C19H31N05S (385.5): calcd. C 59.20, H 8.10, N 3.63; found C 
59.12, H 8.09, N 3.77. 

Methyl (3S,4S) -3-Hydro.uy-2.2,5,S-tetrametl~yl-4- {[(2,4,6-tri- 
metlzylphenylj~sulfunyl~amino~ke~anutite (15d): Prepared by ozon- 
olysis of l l d  (1.50 g, 3.5 mmol). The crude aldehyde 12d formed 
thereby was characterized by: 'H NMR (60 MHz): 6 = 1.00 [s, 9H, 
C(CH&], 2.25 (s, 3 H, ArCHJ, 2.65 (s, 6 H, ArCH?), 3.55 [m, 1 H, 
CH(NH)], 5.46 (d, J = 8 Hz, 1 H, NH), 6.90 (s, 2H, aromatic H), 
9.66 (s, 1 H, CHO). Reaction of crude 12d with 14 gave 15d as a 
single diastereomer according to the 'H-NMR spectrum of the 
crude material. Column chromatography (hexanelethyl acetatel 
chloroform, 1 : 1 : 1) afforded crystalline 15d (1.02 g, 73%); R,- = 

0.71; m.p. 112°C; [a]% = -36.2 (c = 1.2 in 95% aqueous ethanol). 

s, 3H each, C(CH3),], 2.27 (s, 3H, ArCH3), 2.64 (s, 6H, ArCH,), 

J = 5.5 Hz, IH,  CH(OH)], 4.13 (d, J =  5.5 Hz, 1 H, OH), 5.38 (d, 
J = 7.8 Hz, 1 H, NH), 6.90 (s, 2H,  aromatic H). - MS (70 eV); 

- 'H NMR (300 MHz): 6 = 0.70 [s, 9H, C(CH3)3], 0.93, 0.94 [2 

3.50 [d, J =  7.8 Hz, 1 H, CH(NH)], 3.76 (s, 3H, OCH?), 3.92 [d, 

V I / Z  ( ' X i ) :  368 (4) [M+ - CH301, 342 (38) [M' - C4H91, 268 (39) 
[Ci4H?2NO?S], 183 (27) [CgHl IO,S], 119 (100) [C9Hli]. - 
C20H?3N05S (399.5): calcd. C 60.12, H 8.32, N 3.51; found C 
60.08, H 8.24, N 3.49. 

General Procedure (G P 8 )  .for the Conversion of Methyl Esters 
15 intu O..;uzolidinontJs 16: A 100-ml two-necked flask was charged 

with I .O mmol of methyl ester 15 and equipped with a stirring bar, 
a septum, and a connection to the combined vacuumlnitrogen line. 
Dry toluene (50 ml) was added, and the solution was cooled to 
-20°C. Pyridine (0.16 ml, 2.0 mmol) or triethylamine (0.28 ml, 2.0 
mmol) was added. The mixture was stirred for 10 min and a 1.9 M 

solution of phosgene in toluene (0.6 ml, 1.14 mmol) was injected 
through the septum. A white precipitate formed after a few min. 
The mixture was stirred at 0°C for 12 h, transferred to a separatory 
funnel and washed twice with water. The combined aqueous phases 
were re-extracted with diethyl ether and the combined organic lay- 
ers were dried with MgS04. The solvent was removed in a rotary 
evaporator and the residue was purified by chromatography on a 
short column. 

Using this procedure, the following were obtained: 

Methyl (4S,5S)-a,a-Dimet~iyl-2-uxo-4-pl1enyl-3-[(2.4,6-trimeth- 
ylphenyljs~ilfOnylj-5-oxuzolidine~cetute (16a): Prepared from 15a 
(0.31 g, 0.75 mmol) and purified by column chromatography (hex- 
anelethyl acetatelchloroform, 1 : 1 : 1). Yield: 0.30 g (90%) of color- 
less, waxy 16a: Rf = 0.76; [a18 = +13.7 (c = 0.9 in 95% aqueous 
ethanol). - 'H NMR (300 MHz): 6 = 1.29, 1.31 [2 s, 3H each, 
C(CH&, 2.24 (s, 3H, ArCH3), 2.45 (s, 6H, ArCH3), 3.62 (s, 3H,  

l H ,  CH(N-)], 6.84 (s, 2H, aromatic H), 7.18-7.32 (m, 5H, aro- 
matic H). - MS (70 eV); mlz (%): 445 (5) [M+], 380 (25) [Mt - 

calcd. C 62.01, H 6.11, N 3.14; found C 61.74, H 6.04, N 2.91. 
16a and 18: Prepared from a diastereomeric mixture of 15a/17a. 

'H NMR of the minor diastereomer 18 differs from that of 16a in: 
6 = 2.34 (s, 6H), 3.69 (s, 3H), 4.91 (d, J = 6.8 Hz, 1 H), 5.69 (d, 
J = 6.8 Hz, 1 H). 

OCH3), 4.59 [d, J =  4.5 Hz, l H ,  CH(0-)I, 5.19 [d, J =  4.5 Hz, 

CSHj], 119 (80) [C,H,I], 91 (100) [C7H7]. - C23H27NOhS (445.5): 

Methyl ('4S,5S)-a,c~-Dimethyl-4-(2-methylpropyl)-2-oxo-3- 
[(2,4,6-trii~iethq,lpl1enyl)-sulfbnyl/-S-onazolidin~acetate (16b): Pre- 
pared by reaction of 15b (0.28 g, 0.70 mmol) with phosgene in the 
presence of triethylamine. Column chromatography (hexanelethyl 
acetatelchloroform, 1.25: 1 : 1) afforded colorless waxy 16b (0.26 g. 
88%); R,-= 0.95; [a]$? = +91.0 (c = 1.0 in 95% aqueous ethanol). 
- 'H NMR (300 MHz): 6 = 0.96, 0.98 [2 d, J = 6.4 Hz, 3H each, 
CH(CH3),], 1.58-1.69 [m, I H, CH(CH,),], 1.68-2.01 (m, 2H, 
CH2), 2.31 (s, 3H, ArCH3), 2.68 (s, 6H, ArCH3), 3.68 (s, 3H, 
OCH,),4.22 [m, 1 H, CH(N-)I, 4.39 [d, J = 2.2 Hz, IH,  CH(0-)I, 
6.98 (s, 2H, aromatic H). - MS (70 eV); m/z (YO): 394 (1) [M+ - 

H 7.34, N 3.29; found C 59.20, €3 7.29, N 3.31. 
OCH3], 119 (100) [CoHll]. - C?iH,INO$ (425.5): calcd. C 59.27, 

Methyl (4S,SS) -n,a-Dinietliy1-4- ( I  -methylethyl) -2-oxo-3- 
~j2,4,6-trimethylphen~~lj.su~onylJ-6-o..;uzolidine~cetute (16c): Pre- 
pared by reaction of 15c (0.29 g, 0.75 mmol) with phosgene in the 
presence of triethylamine. Column chromatography (hexanelethyl 
acetatelchloroform, 1 : 1 : 1 .5) afforded colorless, waxy 16c (0.29 g, 
94%); Rf  = 0.92; [a]$' = +75.0 (c = 1.0 in 95% aqueous ethanol). 
- 'H NMR (300 MHz): 6 = 0.92, 1.03 [2 d, J = 7.0 Hz, 3 H each, 
CH(CH&], 1.18, 1.24 [2 S, 3 H each, C(CH,),], 1.55 [m, 1 H, 
CH(CH&], 2.31 (s, 3H, ArCH,), 2.69 (s, 6H, ArCH3), 3.66 (s, 3H, 

J = 2.5 Hz, 1 H, CH(0-)I, 6.98 (s, 2H, aromatic H). - MS (70 
eV); ml- (%): 41 1 (1) [M+], 380 (3) [M+ - CH30], 352 (25) [M+ 

(100) [ C ~ H I I ] .  - C Z O H Z ~ N O ~ S  (411.5): calcd. C 58.38, H 7.10, N 
3.40; found C 58.29, H 7.08, N 3.33. 

OCHI), 4.21 [dd, J =  3.0 Hz, J z  2.5 Hz, 1 H, CH(N-)], 4.43 [d, 

- C2H3021, 292 (67) [M' - CgHil], 183 (22) [CgHIiN02S], 119 

Methyl (4S,5S)-a,a-Dimeth~~l-4-(1.1-rlimetlz2,letli~~l)-2-o.uo-3- 
[(2,4,6-triiiiethylpheny~)su~on)~~~-5-o,.;~zo~idineucet~ite (I6d): Pre- 
pared by reaction of 15d (0.40 g, 1.0 mmol) with phosgene in the 
presence of triethylamine. Column chromatography (hexanelethyl 
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acctatcichloroform, 1 : 1 :3) afforded colorless, waxy 16d (0.41 g, 
96'h); R f  = 0.9: [a];' = +77.8 (c  = 1.4 in 95% aqueous ethanol). 

s, 3 H each, C(CH&]. 2.30 (s, 3H, ArCH3), 2.72 (s, 6H, ArCH3), 

J = 2.0 Hz. 1 H, CH(0-)I,  6.97 (s, 2H, aromatic H). - MS (70 

- 'H  NMR (300 MHz): 6 = 0.99 [s, 9H, C(CH3)3], 1.18, 1.24 [2 

3.70 ( s .  3H, OC'H?). 4.10 [d, J =  2.0 Hz, lH ,  CH(N-)I, 4.55 [d, 

cV); / H / Z  (I%)): 425 ( I )  [M+], 367 (30) [ M ~ '  - CdHI,-J, 306 (75) [ M t  - 
C ~ H I I ] ,  183 (80) [CqHiiNO$], 119 (100) [C~HI , ] .  - C Z I H ~ I N O ~ S  
(425.5): calcd. C 5927, H 7.34, N 3.29; found C 59.21, H 7.30, 
N 3.22. 
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