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P R O C E S S E S  OF H I N D E R E D  R O T A T I O N  IN 

N - M E T H O X Y - N -  A L K Y L A M I D E S  

I .  I .  C h e r v i n ,  Sh .  S. N a s i b o v ,  
V.  F .  R u d c h e n k o ,  V.  G.  S h t a m b u r g ,  
a n d  R .  G.  K o s t y a n o v s k i i  

r r. UDC 543.42~.27:541.124:547 298.1 :o47.71 

The p r o c e s s e s  of hindered rota t ion in the N - a l k o x y - N - a l k y l a m i d e s  RO (R)N - X  (X = COR, N = 0 ,  SR, 
SO2R ) have been invest igated intensely by the method of dynamic NMR for  m o r e  than t0  y e a r s  [1-3]. The ob-  
s e rved  inequivalence of the protons  or  groups in such compounds may  be due to the p r o c e s s e s  of invers ion  of 
the N a tom or rota t ion around the N - O ,  N - X  and N - O ,  or  N - X  and N - R  bonds, which a re  slow in the NMR 
t ime  scale .  

The main  p ro b l em s  a re  to analyze these  p r o c e s s e s  and to a s c e r t a i n  the i r  nature .  The poss ib i l i ty  of the 
h indered  invers ion  of the N a tom is ruled out, since the p lanar  configurat ion of the N a tom has  been es tab l i shed  
for  N ,O-d ia lky lhydroxamic  ac ids ,  thei r  thio analogs [4], and the su l famides  (Me2N)2SO2 [5] and PhSO2(C13CS )-  
NCH(Me)CioH7 [6]. T h e r e f o r e ,  the obse rved  conformat ional  changes are  due only to hindered rotat ion around 
the N - s u b s t i t u e n t  bonds. F o r  example ,  synchronous  ro ta t ion  around N - C O  and N - O  bonds was detected in 
PhCO(PhCO2)NCH2Ph (AG ~=  9.8 kcal /mole)  [1], h indered rotat ion around N - C O  and N - C  bonds was detected 
in MeCON(CH2R)2 [for R = t -Bu  AGr = 11.9 kca l /mole  (N-C) ]  [7], and such ro ta t ion  around N - C O  and N - S  
bonds was  detected in X-C6H4S(MeO2C)NCH2Ph [for X = p-Me AG ~ = 12.1 kcal /mole  (N-CO) and 9.~ kcal /mole  
(N-s)] [31. 

In the p r e sen t  work  we used the method of dynamic  NMR to inves t igate  the N-methoxy-N-a lk3r lamides  
l is ted in Tab le s  1-3. The l o w - t e m p e r a t u r e  PM1R spec t ra  of II (see Tab le  1, Fig. 1) r evea l  the inequivalence 
of the geminal  methylene and methyl  p ro tons ,  which is caused by hindered rota t ion around the N - s u b s t i t u e n t  
bonds. The act ivat ion p a r a m e t e r s  of the h indered rota t ion in II were  found f r o m  the m e r g i n g  of the s ignals  of 
the indicator  groups (see Table  1). The dependence of the values  of AG ~ on the nature  of the subst i tuent  at the 
C = O  group in I Ia - I Id  indicates  that  the values  found for  AG ~ co r re spond  to h indered rotat ion around the amide 
bond. The lower ing  of AG ~ in IIc and IId in compar i son  to IIa and IIb is a t t r ibuted to the compet i t ive  weaken-  
ing of the amide conjugation due to the in terac t ion  of the r e sonance -pos i t i ve  subst i tuents  with the C:= O group. 
In the PMR spec t ra  of I Ia - I Id  the sepa ra t ed  s ignals  a lways have identical  in tens i t ies ,  and the methylene p r o -  
tons produce a spec t rum  of the A]3 type (see Table  1 and Fig. 1). T h e r e f o r e ,  in the p re sen t  case ,  the magnet ic  
inequivalence is caused not by the " f r e e z i n g  out" of the amide  r o t a m e r s  

o OR 0 

C--N (Z) and C--N (g)' 
/ \ / \ 

OR 
but by the ehi ra l i ty  of the eompounds with a p redominant  (> 98%) Z or  E configuration.  The chi ra l i ty  of c o m -  
pounds I Ia - I Id  is poss ib le  only if bes ides  the hindered amide rota t ion there  is at l eas t  one m o r e  h indered p r o -  
c e s s ,  i .e . ,  ro ta t ion  around the N - O  or  N - C  bond. The d i sappearance  of the geminal  inequivalenee when the 
s ize of the N-a lky l  subst i tuent  is reduced  in I (see Table  1) indicates that h indered ro ta t ion  around the N - C  
bond is r e spons ib le  for  the chira l i ty  of I I a - I Id ,  although the l imit ing p r o c e s s  in all c a se s  is the amide rotat ion.  

Inst i tute of Chemical  P hys i c s ,  Academy of Sciences of the USSR, Moscow, Trans l a t ed  f rom Izves t iya  
Akademi i  Nauk SSSR, Ser iya  Khimicheskaya ,  No. 3, pp. 544-552, March ,  1981. Original  a r t ic le  submit ted  
May 27, 1980. 
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Fig. 1. P1VIR spec t rum of the methyl e s t e r  of/3-(N- 
ace ty l -N-methoxyamino) isovaler ic  acid (IIa) in 
CHFCI 2 at 20 (a) a n d - 5 0 ~  (b). 

The observed geminal inequivalence of the Me2C and CH 2 protons (the A B spectrum) is attributed to the 
following. The amide conjugation causes hindered rotation around the C O - N  bond and fixation of the skeleton 
of the amide group in a plane. There fore ,  the methyl group at CO prevents the rotation of the t e r t i a ry  alkyl 
group at N and is oriented in the gap between its substituents Me and CH2CO2Me. As a resul t ,  the geminal 
groups are inequivalent, and the conformation as a whole is chiral.  For  this reason the methylene protons 
are  also inequivalent due to the a s y m m e t r i c  induction of the chiral f ragment  of the molecule. The chirali ty of 
the compounds is unequivocally proved by the exper iment  with the optically active shift reagent  Eu(tfc) 3 in the 
example of IIa. In this case ,  the PMB spect rum at 0~ shows two equivalent sets of MeO, CH2, and Me2C 
signals. The value of/XG ~ for amide rotation was determined on the basis of the merg ing  of the Me2C signals 
and coincided with the value found without the addition of the shift reagent  (see Table 1).* 

The predominance of one configuration for compounds IIa-IId has already been noted above. Signals of 
ro t amers  were likewise not found in the PMR spectra  of N-methoxy-N-methy lamides  IV-VI upon cooling in 
var ious  solvents (see Table 2). This is difficult to explain when we compare them to O,N-diacylhydroxyl-  
amines,  such as MeCON(Me)GCOMe, whose PM1R spect rum in CDC13 displays signals of ro tamers  in a 5:1 
rat io upon cooling [1]. However,  taking into account the data on the E configuration (100~ of MeC(S)-  
N(Me)OMe and the s imi lar  ra t io  of E and Z i somers  HCON(Nle)OMe (75% E) and HC(S)N{SIe)OMe (84% E) 
[4], we may assume that compounds IV-VI also have an E configuration. This is supported by the data on 
the shift induced by an a romat ic  solvent for  IV (see Table 2). As the size of the N-alkyl  substituent is in- 
c reased ,  for example,  in HC(S)-N(OMe)R, the relative concentrat ion of the E i somer  decreases  sharply 
(It = Me, 84; R = PhCH2, 76; R = i - P r ,  51; R = t -Bu,  0%) [4]. There fo re ,  it may be concluded that all the 
compounds of type 11 have a Z configuration. Hence the sharp lowering of the ba r r i e r  to rotation in IIe in 
compar ison to IIa-IId (see Table 1) and IICON(OMe)Me (~G ~= 14.6 kcal/mole [4]) becomes understood. The 
value of AG ~ for  He corresponds  to the ba r r i e r  to rotation around the N - C  bond and is not limited by the 
amide b a r r i e r  owing to the small  s te r ic  hindrances of the fo rmyl  proton in the Z form.  The fur ther  decrease  
in the s te r ic  hindrances in III (the sp 2 tone pair  of the Z NO group) resul ts  in free rotation around the N - C  
bond (see Table 1). The Z configuration of III follows f rom the data in [2]. 

In contras t  to 1I, III (see Table 1), and IV-VI (see Table 2), the low-tempera ture  spectra  of N-methoxy-  
N-a lky lcarbamoyl  chlorides VII and VIII and N-methoxy-N-methyln i t rosamine  (IX) show signals of E and 
Z i somer s ,  and the b a r r i e r s  to hindered amide rotation were found for  the f i rs t  t ime on the basis of their 

*The determinat ion of AG ~ for  rotation around a C O - a r y l  bond in the presence  of a chiral  shift reagent  was 
accomplished for  the f i r s t  t ime in the example of 2,6-disubsti tuted benzamides in [10]. 
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TABLE 2. PMR Spectra and B a r r i e r s  to Hindered Rotation in the 
Amides X-N(Me)OMe (IV-VII, IX)and X - N ( i - P r ) O M e  (VIII) 

I X 

I 
MeCO 

(GF,)2CIICO 

PhCO 
COCI 

COOl 

N=O 

Solvent 

C~D~CD~ 

CDCI, 

CC14 

Corn- 

(CD,)2CO 
C6D~CDa 

C~DsCDa 

CCI, 
(CD~)~CO 

IRbta- 
met 
ratio 
I(t, ,,.'c 

~(-50 o', 

4 c 
(--t9 ~ 

&C 
(--i0 ~ 

pound 

(IV) b 

(v) b 

(vi)b 
(VII) 

.(vni) 

(IX) 

Ob- 
5 a, ppm,I, Hz I(served 

MeN 5~eO "proup 
! 

2,75(22,i) 2,98 (55,7) I -- 
i,65(14,6) 

MeCO 
3,t i  3,62 ] 

1,05 MeCO 
3,19 3,68;&,70 ] 

CPI, JH~.~[ 
=7,0 ] 

3,21 3,41 
2,61 3,09 ! lVleO 

0,85 l~IeC 8,27 MeO' 
4,03HC 

3,60 3,75 lVs d 

3,73 3,73 MeO d 

o ~ ,  av, Hz T m, c (~b~), 
kcal/~nole 

I 

(13,9) 
3,8 -- &3,0 i2,5 

(i3,0) 
~o,o l~,o ~r 

(15,9) 
9,0 t5,0 15,2 

( i6,0) 

The SIAS effect, A6 = 5(CC14) - 6(C6H6) , Hz, is given in parentheses .  
The spect ra  remain  unchanged: IV in C6DsCD 3 (-100~ CDC13 (-40~ 

(CD3)2CO (-30~ and CC14 (-20~ V in CC14 (-20~ (CD3)2CO 
(-90~ VI in (CD3)2CO (-90~ and in CC14 (-20~ 
CCoineides with [2] (the rat io is ~4 in CDC13 at -30~ in [8] the rat io 
is ~7 in CDC13 a t -  60~ 
dMerges with the MeN signal at T m. 

merging.  The significant lowering of the b a r r i e r s  to amide rotation in N-methoxy-N-methy lamides  in com-  
par ison to the N-dimethyl  analogs {Table 4) is apparently due to the reduction of the p charac te r  of the e lectron 
pair  and, thus,  to the +M capacity of the amide N atom under the influence of the - I  effect of the MeO sub- 
stituent [15]. The significant var ia t ion of the values of ~AG ~ (see Table 4), which could hardly be attributed 
to the different measuremen t  conditions and calls for  fur ther  study, should be noted. 

As in the case of the N-methoxy-N-a lky lamides  (see Tables  1 and 2), the low- tempera ture  PMR spectra  
of p-toluenesulfonamides Xa-Xd reveal  the geminal inequivalence of the CH2N and Me2C protons (see Table 3), 
which may be attributed to the hindered rotation around one of the three N- subs t i t uen t  bonds. 

The possibili ty of hindered rotation around the N - C  bond in X a - X d  is ruled out because of the main te-  
nance of the inequivalence of the CH2N protons as the size of the N-alkyl  substituent is reduced in X b - X d  (see 
Table 3). There fo re ,  the values of AG # found for p-toluenesulfonamides Xa and Xc (see Table 3) should be 
assigned to rotation around the N - O  or N - S  bond. 

E X P E R I M E N T A L  

The PMR spectra  were  measured  on a Tesla  BS-487C spec t romete r  (80 MHz), and the internal r e f e r -  
ence was HMDS. The concentrat ion of the samples was ~15%. In the case of the dynamic measu remen t s ,  the 
tempera ture  in the spec t romete r  pickup was monitored with the aid of standard samples (methanol and ethyl-  
ene glycol). The rate constants of hindered rotat ion were  determined at the merg ing  t empera tu res  of the ex-  
changing groups : k = 7rAuAf2, for  a spec t rum of the A B type k = (~r/V~)(Au 2 + 6J 2)1/2. The value s of A v were ext rap-  
olated to the merg ing  tempera tu re  T m of the signals.  The change in free energy of activation AG ~ were 
found according to [16] f rom the formula 

hG r = 4,57. T~ (i0,32 + lg Tin-- lg k) 

The e r r o r  in the determinat ion of &G ~ was < 0.3 kcal/mole with considerat ion of the measuremen t  of/xv ~ 2 Hz 
and T m • 3 ~ 

The entropy change of activation AS ~ in such sys tems  for  the process  of hindered rotation was assumed 
to be close to ze ro ,  as in [16]. 

The specific rotation was measured  on a P e r k i n - E l m e r - 1 4 1  polar imeter .  

N7Methoxy-N-methylacetamide (IV). A solution of 8.2 g (84 mmole) of MeO(Mo)NH 2-HC1 [17] in 1070 
aqueous KOH was given an addition of 7.06 g (90 mmole) of MeCOC1 at 0~ The product  was extracted by 
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TABLE 4. B a r r i e r s  to Amide Rotat ion 

Compound 

HCONMe~ 
HCON (Me) OMe 
MeCON (Me) OC (0) Me 
HCSNMe2 
HCSN (Me) OMe 
C1CONMe2 
CICON (Me) OMe 
ONNMe2 
ONN (Me) OMe 

Solvent T m, ~C AGe I AAG~- 
kcal/mole 

Pure liquid 
CDCla 
CDCI3 
o-C12C6H~ 
(CO3) 2C0 
CCI~ 
CsD,~CD3 
Pure liquid 
(CD3) ~CO 

.~ 29,5 
19,5 

-t6,0 
160,0 
110,0 

-3t,0 
t86,0 
t5,0 

20,9 
14,6 
14,2 
24,1 
19,6 
16,5 
t3,0 
23,0 
t5,t 5 

Litera- 
ture 
l eited 

[ll1 
I4] 
[t] 

[t2] 
[4] 

[t3] 

[i41 

e t h e r ,  dr ied by MgSO4, and dist i l led.  The yield was 2.9 g (33.3%0), bp 93-94~ (100 mm) ,  n~ 1.4243. Found: 
C 47.09; H 8.87; N 13.28~0. Calculated for  C4HgO2N: C 46.59; H 8.80; N 13.58%. 

N-Methoxy-N-me thy l - a -monohydrohexa f luo ro i sobu ty ramide  (V). A solution of 5.9 g (33 mmole)  of 
b is ( t r i f luoromethyl )ke tene  in 20 ml  of e the r  at -78~ was given an addition of a solution of 1.83 g (30 mmole)  
of methoxymethylamine  in 10 ml  of e ther .  The mix tu re  was  left  to stand for  48 h at 20~ Af te r  the r emova l  
of the e the r ,  the res idue  was dist i l led.  The yie ld  was 5.6 g (78.1%0) of V, bp 62.5-63~ (7 mm) ,  vCO 1706 
cm -1. Found: N 6.02%, Calculated for  C6H702NF~: 1N 5.86~ 

N-Methoxy-N-me thy lbenzamide  (VI), bp 112~ (5 ram) (compare  [15]). 

N - M e t h o x y - N - m e t h y l c a r b a m o y l  Chloride (VII). A solution of 49 g (0.5 mole) of COC12 in 100 ml  of e ther  
was  given a dropwise  addition of a solution of 6 g (0.1 mole) of MeO{Me)NH and 10.1 g (0.1 mole) of EtaN in 50 
ml  of e ther  ove r  the course  of 1 h with cooling ( - 1 0  to -20~ and s t i r r ing .  The mix ture  was  left  to stand 
overnight  at ~20~ the prec ip i ta te  was sepa ra t ed ,  the e the r  was dr iven off in a vacuum,  and the res idue  was 
dis t i l led.  The yie ld  was  5.54 g (44.9%) of VII,  bp 59-60~ (18 m m ) ,  n~  1.4405. Found: C 42.71; H 7.02; 
N 16.54%. Calculated for  C3H6NOCI: C 42.85; H 7.19; N 16.63%. 

N - M e t h o x y - N - i s o p r o p y l c a r b o m o y l  Chloride (VIII):  Chloride VIII was obtained in an analogous manner  
f r o m  MeO(i-Pr)NH [17], 64.5% yield ,  bp 50~ (6 ram). Found: C 39.57; H 6.60; H 9.10%. Calculated for  

C5Hi0NO2CI: C 39.62; H 6.65; N 9.24%. 

N - M e t h o x y - N - m e t h y l n i t r o s a m i n e  (IX), bp 59-60~ (30 ram) (compare  [18]). 

Methyl ~ - (N-Ace ty l -N-methoxyamino)prop iona te  (I). a) A mix tu re  of 5.7 g (0.12 mole) of MeONH 2 [19] 
and 8.6 g (0.1 mole) of methyl  ac ry la te  was held for  96 h at 28~ and dist i l led.  This  yielded:  1) 9.87 g (74.2%) 
of methyl  f l -methoxyaminopropiona te ,  bp 91-93~ (36 mm)  (compare  [20]). PM:R spec t rum (CC1 o 6, ppm):  
3.35 and 3.56 (MoO and MeO2C), 2.03 and 2.41 [(CH2)2]. Found: 45.12; H 8.40; N 10.55~ Calculated for  
CsHtlNO3: C 45.08; H 8.32; N 10.51%. 2) 2.7 g (24.5-%) of N-methoxybis ( f l -carbomethoxyethyl )amine ,  bp 148- 
151~ (18 ram). I~MR s pec t rum  (CC14, 6, ppm):  3.36 (MeON), 3.55 (MeO2C), 2.41 and 2.49 [(CH2)2]. Found: 
C 49.38; H 7.81; N 6.52%. Calculated fo r  C9I-I17NO5: C 49.31; H 7.82; N 6.39%. 

b) A solution of 1.33 g (10 mmole)  of methyl  ~-methoxyaminopropionate  and 2.53 g (25 mmole)  of Et3N 
in 30 ml  of e the r  was given an addition of 1.94 g (25 mmole)  of MeCOC1 in 5 ml  of e the r ,  and the mixture  was 
s t i r r e d  for  2 h and left  to stand overnight .  The prec ip i ta te  was sepa ra t ed  and washed  with e the r ,  the e ther  
was  r emoved  f r o m  the f i l t r a te ,  and the res idue  was dist i l led.  The yield was 1 g (57.2~ of I ,  bp 66-67~ 
(1 mm).  Found: C 48.05; H 7.37; N 8.06~ Calculated fo r  CTHt3NO4; C 47.97; H 7.48; N 7.99~ 

Methyl ~ - (N-Ace ty l -N-methoxyamino) i sova le ra t e  (IIa)~ a) A mix ture  of 3.76 g (80 mmole)  of MeONH 2 
and 4.3 g (38 mmole)  of methyl  f i , f i -d imethylaeryla te  [21] was heated in a sealed ampul  fo r  14 days at 90~ 
Dist i l la t ion yielded 1.8 g of MeONH 2 and 3.97 g (65.3%0) of methyl  ~ -me thoxyamino i sova le ra t e ,  bp 65~ (10 mm) ,  
n~ 1.4250. Found: C 52.28; H 9.31; N 8.62~ Calculated for  CTHisNO3: C 52.16; H 9.38; N 8.69%. 

b) A solution of 966 mg  (6 mmole)  of the e s t e r  synthes ized in 15 ml  of pyridine was given an addition of 
549 mg of MECOC1 with s t i r r i ng  (10~ and the mix ture  was left  to stand overnight  at ~20~ and then poured 
into 50 ml  of ice water .  The product  was ex t rac ted  with e ther .  Af te r  washing with wa t e r ,  drying by MgSO4, 
and r emov ing  the e ther  in a vacuum,  dis t i l la t ion yielded 530 mg  (43.5%) of IIa ,  bp 73~ (1 ram). Found: 
C 53.07; H 8.53; N 7.08%. Calculated for  CsI-IITNO4: C 53.19; H 8.43; N 6.89%. 
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_.Methyl f i - (N-Tr i f l uo roace ty l -N-me thoxvamino) i sova l e ra t e  fflb). A 1.86-g port ion (14 mmole)  of CF3COCI 
was condensed in a solution of 966 mg (6 mmole)  of methyl  f~-methoxyaminoisovalera te  and 606 mg (6 mmole)  
of Et~N in 20 ml  of e the r  at -77~ The mix tu re  was left to stand overnight  at -77~ and then for' 6 days at 
~ 20~ Af te r  the sa l t  was sepa ra t ed  and the e ther  was dr iven  off in a vacuum,  the res idue  was dist i l led.  The 
yield was 1.23 g (79.6%) of IIb,  hp 62-63~ (1 mm).  Found: C 42.29; H 5.33; N 5o53Y0. Calculated fo r  C~H14- 
NO4F3: C 42.03; H 5.49; N 5.45-%. 

Methyl f i - (N-Benzoy l -N-methoxyamino) i sova le ra te  (IIc). A mix tu re  of 0.32 g (2 mmole)  of methyl  
2 -me thoxyamino i sova le ra t e  and 0.28 g (2 mmole)  of PhCOC1 in 10 ml  of pyridine was held for  24 h at 20~ 
poured into 25 ml of ice wa t e r ,  and ex t rac ted  with e ther .  The ex t r ac t  was  washed  with wa te r  and dr ied with 
MgSO4, the e the r  was dr iven off in a vacuum,  and the res idue  was chromatog-raphed in a column (silica gel,  
the eluent was CHCI3). The yield was 0.46 g (86.5v/0) of IIc. Found: C 63.21; H 6.59; N 5.28%. Calculated for  
C14HtgNO4: C 63,38; H 7,22; N 5.28%, 

Methyl fi-(N-(S)-~-Pheny.lethylcarbamoyl-N-methoxyamino)isovalerate ~M)- A solution of 251 mg  
(2.6 rnmole) of methyl  f i -methoxyaminoisova le ra te  and 229 mg  (1.6 mmole)  of" (S)-~-phenylethyl i soeyanate  in 
5 ml of e the r  was held for  6 days at 20~ the e ther  was dr iven off in a vacuum,  and the res idue  was ch ro -  
ma tographed  in a column (silica gel, the eluent was CHC13)~ The yield was 350 mg  (72.7/o) of IId,  [~]~ - 7 . 3 4  ~ 
(c 0.72, MeOH). Found: C 62.11; H 7.95; H 9.01%. Calculated for  CIGH24N204: C 62.32; H 7.84; N 9:08%~ 

Methyl ~ - ( N - F o r m y l - N - m e t h o x y a m i n o ) i s o v a l e r a t e  (lie). A solution of 0.64 g (4 mmole)  of methyl  
f3-methoxyaminoisovalera te ,  0.28 g (6 mmole)  of f o r m i c  acid ,  and 1.24 g (6 mmole)  of d icyc lohexylearbodi -  
imide in 20 ml  absolute CH2C12 was held for  24 h at 20~ The prec ip i ta te  was s epa ra t ed ,  the CHfCI 2 was 
r emoved  f r o m  the f i l t ra te  in a vacuum,  and the res idue  was  dist i l led.  The yield was 0.46 g (60.7%) of IIe ,  
bp 89~ (1 ram). Found: C 50.98; H 7.52; N 7.38?b. Calculated for  CsHIsNO4: C 50.78; H 7.99; N 7.407o. 

Methyl B- (N-Ni t roso -N-methoxyamino) i sova le ra t e  (III). A solution of 1.66 g (24 mmole)  of NaNO 2 in 4 
ml  of' w a t e r  was added with s t i r r i ng  over  the course  of 15 rain to a mix ture  of 1.3 g (8 mmole)  of methyl  
2 -me thoxyamino i sova le ra t e  and 1.44 g (24 mmole)  of MeCOfH at 0~ The mix tu re  was s t i r r ed  for  an addi-  
t ional 1.5 h and left  to stand overnight  a t  20~ The product  was  ex t r ac t ed  with e the r ,  the ex t r ac t  was dr ied 
by MgSO4, the solvent  was dr iven off in a vacuum,  and the product  was dist i l led.  The yield was 0.59 g (38.7%) 
of III,  bp 87 ~ (1 ram). Found: C 44.14; H 7.42; N 14.73a/0. Calculated for  CTHI4N204: C 44.21; H 7.42; N 14.78%. 

Methyl f~- (N-p-Toluenesu l fonyl -N-methoxyamino) i sova le ra te  (Xa). A mix tu re  of 161 mg  (1 mmole)  of 
methyl  f l -me thoxyamino i sova le ra t e  and 191 mg (1 mmole)  of p- toluenesulfonyl  chloride in 1 mi  of p3~ridine was 
held for  48 h at 20~ and poured into 10 m[ of ice water .  The prec ip i ta te  was sepa ra ted  and r e c r y s t a l l i z e d  
f r o m  hexane. The yield was 250 mg (79.2%) of Xa,  mp 73-74~ Found: C 53.28; H 6.64; N 4.607o. Calculated 
fo r  CiaHflNOsS: C 53.32; H 6~71; N 4.44%. 

Methyl f i - (N-p-Toluenesul fonyl -N-methoxyamino}propionate  (Xb). A mix ture  of 612 m g  (4 mmole)  of 
methyl  B-methoxyaminopmpionate  and 950 rag (5 mmole)  of p- to luenesulfonyl  chloride in 10 ml  of pyridine 
was held for  1 h at 0~ left  to stand overnight  at 20~ and poured into 60 ml  of ice water .  The prec ip i ta te  
was sepa ra t ed ,  washed with wa te r ,  dr ied ,  and r e c r y s t a l l i z e d  f r o m  hexane. The yield was 820 mg:(71.2%)of 
Xb, mp 57-58~ Found: C 49.98; H 5.94; H 4.91%. Calculated for  CI2H17NOsS: C 50.16; H 5.96; N 4.87/0~ 

Methyl N-p -To luenesu l fony l -N-me thoxyaminoace t a t e  (Xc). a) Methyl N-methoxyaminoace ta te  was ob- 
tained under  the conditions in [22], 6.2% yie ld ,  bp 51-52~ (9 ram). 

b) Under the conditions of the synthes is  of Xa 520 mg (63.5%) of Xc were  r e c o v e r e d  f r o m  357 mg (3 
mmole)  of the e s t e r  obtained and 570 mg  (3 mmole)  of p- toluenesulfonyl  chloride.  The mp was 73-74~ (from 
hexane). Found: C 48.41; g 5.83; N 5.06%. Calculated fo r  CliH15NOsS: C 48.32; H 5.53; N 5.12%. 

Ethyl N-p -To luenesu l fony l -N-me thoxyaminoace t a t e  (Xd). Under the conditions of the synthes~.s of Xa,  
133 mg (i mmole) of ethyl N-methoxyaminoaceta~ [22] and 190 mg (i mmole) of p-toluenesulfonyl chloride 
yielded 150 m g  (54.1%) of Xd, mp 56-57~ (from hexane). Found: C 51.91; H 6.08; N 4.98%. Calculated for  
C12HI~NO~S: C 51.97; H 6.18; N 5.05v/c. 
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N-Benzyl-N-isopropyl-p-toluenesulfonamide (XI). Under the conditions of the synthesis of Xa, 1.49 g 
(10 mmole) of N-benzyl-N-isopropylamine and 1.90 g (10 mmole) of p-toluenesulfonyl chloride yielded 1.85 g 
(61%) of XI, mp 97-98~ (from hexane). Found: C 67.21; H 6.83; N 4.68%. Calculated for C~vH2~NOzS: C 67~ 
H 6.98; N 4.62%. 

C ON C LUSION S 

i. The chirality of N-tert-alkyl-N-methoxyamides due to rotation around the N-- CO and N C bonds which is 
slowed in the NIV[R time scale has been discovered, and its dependence on the type of N-alkyl substituent and 
the type of substituents at the C=O group has been studied. 

2. The barriers to hindered amide rotation in N-methoxy-N-methylnitrosamine and N-methoxy-N-alkyi- 
carbamoyl chlorides have been determined. 

3. The hinderedproeess in N-methoxy-N-alkyl-p-toluenesulfonamides corresponds to rotation around 
the N-OorN Sbond. 

i. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

i0. 
i i .  
12. 
13. 

14. 

15. 
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