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Abstraot - The chlorination of a 
der the 8OtlOXI Of te??t-BuOCl 

0110 TJ B-dlalkoxyzmlnee un- 
2% 3 te in ihe formation of un- 

&able ~~hloFo-~.fl-dialkoxpaminee whloh in eitu reaot with 
00aim me&hoxide to nlve Dl%ViOUSb Unknown trialkomaminee 
(orthonitrltea). The-prop;rtlee of-the l?-ohlo&-H,lV&alkoxy- 
and trlalkoxyaminea have been a0mUetiha to be elmllar to 
those of their oarbon analoguee: aialk0~zilgriOhl0tidee and 
orthoestere, reepeotively. 

The ortho-forms of oarbonyl oompounae, aoetals* and orthoestere,3 play an im- 
portaht role i; organic ohemletrg. The .nltrogen analogues of the aoetale - acyo- 
110,4,5 mono-, ai-, 7 and trioyolio8 H,B-dlalkoly-~-al~l~nes, ae well ae N,61- 
aizikO~amiaezg *lo - have reoently been b3tUaiea inteneively. During the last pe- 

riod, we have eyntheelzed aoyolio 11 k!Ud O~OiiO'* &%aiEdkO~amine0 (ROj2NIi WhIoh 
are the orthoeetera of nitroey1 hydride HN0.13 

The ortho-forma of other oxygenoue oompounde of nitrogen are represented only 
by inorganio derivative6 - extremly unetable salts of 8. hypothetic tetraombya- 
IBZ~IM (H00)2WN0~)214 and orthonltratee M3N04(&K, Ha)!5 The orthonltrlte etxuo- 
ture NOM)3 of the produots obtained by fueign of alkali metal oxides with their 

nitrites sugge0tea by Zintle16 wai3 aieprovza.17 
The present work deals with the ayntheeie and propertlee of trialkomamlnee, 

i.e. the eetere of.hypothetio orthonitrous acid N(OH)3(for the preliminary oom- 

munloation eee ref.18). We were lntereated In these compounds due to the follow- 
ing coneiderztione. It ie known that Inversion barrier of the B atom In amine8 
rlsee by about 8 koal/mol when an alkoxy eubetltuent being bondec¶ to thle atom.” 

In the oaee of aoycllo 1,19-dlalko~-F1-tert-alkylaminee the barrier is equal to 
22 - 25 koal/mol, whioh makee It poeelble to eeparate them into antipode8 with 
the aeymmstric N atom.5 Howwer, the half-raoemlzatlon time of optloally active 
H,B-dlalkoxyamines le equal only to several hour8 at 20 0C.5 The trialkoxydnee 
were euggestecl to poeeeee the euperetable 19 atom pyramid in the open ohaln. 

We have previously developed a preparative method for the eyntheele of N,N- 
dialkoxy-l!Mdkylamlnee by alooholyele of the corresponding NJ-chloro-H-alkoxyaml- 
nee. 5 To prepare trialkoayamlnee by an analogous soheme, we have synthesized lV,B- 

dialkoxyaminee (RO)2NIi.11 In the present work, ohlorinatlon of theee compounds 

aa propertie of prevlouely unknown I-chloro-N,B-dlalkolyzmlnes thereby f0ma 

* For Parta 43 ana 69 eee ref. 1. 

2233 





Asymmetric nitrogen 2235 

Table. Coupling oonetante (J, He) of the ‘% nucleue in I-alkoxyamlnU!I 

compound J 
‘%CH 

J 
’ So’ 3c 

J 
‘%I 

2.2(Bu-i) 
Et 0’ %IiOBu-i 2.4(Et) 

2.4(Bu-i) 
Eto’~(o~)oBu-~ 3‘4Wae) 

2.8(Et”t) 
2.4(Bu-1) 

*I ’ 30 BMR apeotra were not reoorded 

2,4&a-1) 

2.70t1 64.5 
2,6&a-i) 

2.1 (Me) 
3*7@t) 

3.7(Bu-1) 

gure) rsvesla the geminal anieoohroniam of the diaetereotopio groups and methy- 
lone protons This is the ev%denos of a k&h pyramidal stability of the El atom 

in the tr%alkoxyamlnes. However, the attempts of determination of the invereion 

barrier for IJ atom in p by the ooaleeoenoe of dlaatereotopic group eignale fai- 
led beoause of deoomposition of the zample during the heating. 

Figure. ‘H NMR epeotrum (406 M&s, C6D6) of trialkoxyamine 2. 

The trialkoxyamlnes are relatively unstable: they deoomposee both when die- 
tilled (50 W, 1 torr) and when ohromatographed on oolumn (Al203 - neutral by 

Brookmznn or eilioa gel, e&&ion with Et,O), The produot 1 deoompoaee by oa.50% 

on heating in Ccl4 in a eealed ampule at 100 *C for 4 hours. 
Like the orthoeetere of oarboxyllo acide, the trialkolyemine 1 produoes me- 

tbyl p-nitrobenzoate on intereotion with p-nitrobenzoio aoid or ite ohloride 

( eoheme 6 1. 

- KeOli&e BC02’ 1 -b¶l30B0 (6) 

The esamplez of the trialko%yamine reactione presented above proved thefr al- 
lcylatlng properties under the aoid catalyele oondltioas and the poasibillty of 
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extending the principles of chemistry of orthoestere 3 to these emines. 
It should be noted that the propertlee of N-ohloro-N,N-dlalkoxyaminee are to 

a great extent similar to those of well studied carbon analoguee, dialkoxyalQ1 

chlorides. *’ It is known that these compounde are thermally unstable and their 
reactions with nucleophiles take place via Intermediate dialkoaycarbenium ions 
in two directions: either by addition of nucleophiles to the carbenium centre or 

by dealkylation of the oxonium centre. The first route represents the kinetlcal- 

ly controlled reaction pathway, which may be reversible , and second route yields 
thermodynamically stable products. It waa shown that the use of strong nucleo- 
philes (RO-, CN’) enableg to the ieolation of produots being formed by the kine- 

tically controlled route. The properties of dialkozycarbenlum ions has been ao- 
counted for on the basis of energetic considerations. 20.21 

By analogy with the dlalkozyalkyl ohloridee the properties of the N-chloro- 
N,N-dialkoayaminee find a good explanation in easy dissociation of the N-Cl bond 
and in the formation of resonance-stabilized dialkoxynitrenium ions (the chemis- 

try of other nitrenium cations hae been reviewed elsewhere22S23). Thus, the 
thermal fragmentation of N-chloro-N,N-dialkozyamlnes (scheme 1) is conditioned 
by dealkylation of these ions under the action of the inner nuoleophile, the Cl- 

anion, by a thermodynamically preferable irreversible route (scheme 7). 

RON(C1)OR’----L. ROiOR’ Cl-- RON=+OR’ Cl-- RON0 + R’Cl (7) 

As like as dialkozycarbenium iona, *O@*’ dialkozynitrenium ions are ambident 

cation6 (scheme 8). that causea the proceeding of the reactions of N-ohloro-N,N- 
dialkoqyamines with nucleophiles in two direotiona (schemes 2, 4). 

RO;OR’ Cl- - RON( Nu)OR’ + Cl- 

t 
RON=:R’ Cl- route 2 _ M RON0 + l?uR ’ + Cl’ 

t :Nu 

(8) 

Thus, a new class of configurationally stable acyolio amlnee - trialkoxyami? 
nes has been sgntheelzed, these are the first representatives of orthonitrltes. 

EXPERXdENTAL 

‘H N?dR spectra were recorded,on JNM-C-60 Hl (60 MHz) and BRDKER WM-400 (400 

MHz) speotrometere. ‘% NMR (40.53 MHz) and ‘% N?AR (100.61 MHz) spectra were 
obtained on a BRUKER W&400 Instrument. Chemical shifts are guoted in p.p.m. 
downfield from TMS (8 15N relative to external standard, H15N03). Coupling con- 

&ants values are given in HZB. 

B.N-Dimethoxvamine (61.5% yield, b.p. 83.5 OC), N-benzvloxv-N-methowamlne 
(66.7% y$eld, purified by ohromatograpby), N-ieobuthow-N-methowamine,(72.2% 
yield, b.p. 65 OC/40 torr), N-leobuthow-N-ethowamine (74.4% yield, b.p. 
74 W/30 torr) were prepared by known methods.” 

Reaotion of N-benwlow-N-methoxvamine with t-BuOCl. To a solution of 0.36 g 
(3.3 mmol) of t-BuOCl In 5 ml of Ccl4 at -20 OC wae added a eolution of 0.46 g 
(3.3 mmol) of N-benzyloxy-N-methoxyam$ne In 5 ml of CC14. The mixture was kept 
at -8 OC for 1 h and at 20 OC for 1 h. Methyl nitrite was Identified by ‘H NMR 

(60 MHz) spectrum of the mixture after an addition of the standard MeONO in Ccl4 
to the mixture. ‘H NMR: 3.98 (MeO). Removal of the solvent in vacua and distll- 
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latlon of the reeidue gave 0.33 g (78.9%) of benzyl ohlorlde, b.p. 71-72 W/20 

torr, whioh ~WI identified with the,etandard by ‘Ii N?dR spectrum (60 MHz, CC14): 

4.50 (CH2), 7.28 (Ph). Found: C, 66.07; H, 5.47. Calo. for C7H7C1: C, 66.42: 

H, 5.57%. 
Reaotion of N-ohloro-R.H-dimethoxvamine with trimethvlamine. To a eolution of 

0.15 g (2 mm011 of B,N-dlmethoxyamlne and 0.16 g (2.71 mmol.) of trimethylamlne 
in 15 ml of abs. ether at -78,V was added a eolution of 0.22 g (2 mmol) of 

t-BuOCl In 2 rpl of abe. ether. The mixture was kept at -78 OC for 0.5 b and for. 
24 h at -8 OC. The preoipitate wae separated and extraoted with CH2C12. &apora- 
tion of the extra0t.i.n vaouo and orystallization of the reeidue from abe.,MeCN 

afforded 0.03 g (15.7%) of trlmethylamine bydroohloride, m.p. 277 OC (deo.) 
whioh waz Identified by ‘H RMR epeotrum (60 MHz, CD30D): 2.78 (Me). The residue 

ineoluble In CH2C12 wae oxystalllzed from B GtOH-ether mixture to give 0.05 g 

(22.8%) of tetrametbylammonium chlorlde,.m.p. 230 OC (dec.).,‘H NMR spectrum 
(60 MHz, CD30D); 3.25 (Me). Found: C, 43.48; H, 11.12; 19, 12.95. Calo. for 

C4H.,$C1: C, 43.W; H , 11.04~ B, 12.78%. .Melting points of the product6 did not 
ohange when mixed with authentio eamplee. 

Reaotion of R-chloro-H.N-dimethomamine with oyridine. To a solution of 0.15 
g (2 mmol) of N,N-dimethoxyamine and 0.32 g (4,nnnol) of pyrldlne in 11 ml of 

abe. ether at -78 OC wae added a solution of 0.24 g (2.2 -1) of t-BuOCl in 
2 ml of abe. ether. The mixture wae kept for a night at -8 OC. The preolpltate 
wae separated, waehed with abe, ether and dried in vaouo to yield 9.06 g (21%) 

of H-methylpyrldinium obloride. ‘H NMR epeotrum (60 MHz, CD30D)r 4.40 (UeN), 
8.08 and 8.90,(m, C5H5). Fyridinlum perohlorate was prepared aa follows. To a 
solution of 0.09 g (0.42 nrmol) of AgC104 in 4 nil of water at 20 OC wae added a 
solution of 0.06 g (0.42 nnnol) of NJ-metbylpyrldinium ohloride in 4 ml of water. 
The preolpitate was separated, the water wae vaouum removed from the,flltrate, 
and.the residue was orgetallized from a MeOH-ether mixture to give 0.03 g 

(36.5%) of I-methlylpyridinlum perohlorate, m.p. 147-148 OC. ‘H NMR, speotrum. 

(60 MHz, CD30D): 4.35 (Mea), 8.03 apd 8.85 (m, C5H5). Found: C, 37.11; H, 4.22; 
R, 7.37. Calc. for C6H81V04C1 I C, 37.23; H, 4.17; N, 7.24%. 

H.N-Dlmethoxrr-H-leobuthoxvamlne 1. To a stirred euepeneion of MeONa (obtained 
by dissolving 0.092 g of Ha In 5 ml of abs. MeOH, evaporating the eolution in 
vaouo, washing the residue with abe. ether, and drglng It in veouo) in 10 ml of 
abe. dimethoxyethane (DME) at -78 OC was,added a solution of 0.28 g (2 mmol) of 

N-methosy-IV-leobuthoxyamlne in 10 ml abe. DME and, immediately after, a solution 
of 0.43 g (4 nnnol) of t-BuOCl in 10 ml of abe. DME. The mixture wae kept for 1 h 
at -78 OC, then for 3 h at -8 OC and eaturated with C02. The preoipitate was ee- 
parated, the solvent wan removed from the filtrate in vaouo (10 torr), and the 

reeidue was extraoted with ether. The extraot was ooncentrated in vaouo (10 torr) 
and the residue wae recondensed at 20 OC (oa. low3 torr) to afford 9.19 g(63.5%) 

of 1. ‘H NMR Bpeotrum (400 MHz, toluene-d8):,0.84 (Me2C, 3J=6.8), 1.84 (CH), 

3.41 (MeO), 3.56 @He, 3J316.6). Found: C, 48.11; H, 10.32; N, 9.41. Calo. for 

C6H15N03: C, 48.31; H, 10.13; N, 9.39%. 
N-Isobuthors-N-ethow-N-methoxxamine 2. As described above, a reaotion of 

0.27 g (2 mm011 of N-leobuthoxy-N-ethoqamine, 4 mm01 of MeONa and 0.43 g 

(4 mmol) of t-BuOC1 in 30 ml of abe. Dh!E gave , after reoondeneatlon at 20 OC 

(oa. 10s3 torr), 0.16 g (50%) of 2. 

~4 ~1.5 Hz, 

‘H,N?dR spectrum (400 MHz, C6D6): 0.84 (Me2C, 

ad ~2.4 Hz, 

3J=6.8), 1.05 &CH2’ 3J=7.1), 1.86 (CH), 3.46,Weo), 3.64 (a2CH, 
3J-6.8), 3.82 (?Qi2,a3 ml.7 Hz). Founds C, 51.30; 11, 10.52; N, 8.49. 

: C, 51.51; H, 10.49; N, 8.58%. 
““‘“,a,;;;h~~$~_, smr wae qrnthealzed aa deeorlbed in ref. 24 from ‘5NH2c1 pre- 
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