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N-Chlo ro -N-a lkoxy- te r t - a lky lamines  reac t  with alcohols in the p resence  of base to form N, N-dialkoxy- 
amines [1-3]. This reac t ion  (A) is apparent ly  accomplished through a n i t r en iu m -o x o n iu m  ion which gives f rag-  
mentat ion (B), a Wagner-- Meerwein type of reac t ion  (C), or r e a r r a n g e m e n t  and f ragmentat ion (D). F ragmenta -  
tion (B) of the in te rmedia te  ion with the format ion  of ni t rosoa]kanes is seen in the react ion of N,N-dialkoxy- 
amines with s t rong acids [3]. In the p re sen t  work,  the nucleophilie react ions  of N-chioro-N-a lkoxyamines  
accompanied by 1 ,2 - r ea r r angemen t s  (C) and (D) were  studied. 
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The synthesis  of the unknown t r ia tkoxyamines  was planned f rom N,N-dialkox-ytritylamines ]by hydrolys is  
to NH-dialkoxyamines with subsequent  N-chlorinat ion and aicoholysis .  We planned to synthesize N,N-dialkoxy- 
t r i ty lamines  according to the synthetic scheme for N,N-dia tkoxy-N- ter t -a tkylamines  [1J f rom N-alkoxytr i ty l -  
amines (I) 

PhaCCI + 2H2NOR -+ PhaCNHOR (I) (2) 
R ---- Me (a) [4], MeQCCM% 0o). 

However,  the chlor inat ion of (Ia) a t - 7 8 ~  with subsequent standing at 20~ yields  t r iphenylni t rone (iI) in high 
yield as a resu l t  of 1 , 2 - r e a r r a n g e m e n t  with f ragmentat ion (D) by migrat ion of a phenyl group f rom carbon to 
ni t rogen and the el imination of MeC1 

Ph2Q----~NOMe~ ] 
.~,.,oci [ /o~ r ~  +/'2"--M~ 70 

(Ia) > ]Ph3CN -~ Ph~CNOMe-+ C!- > Ph~C-~N ~ Ph~C~-~N 
L \ e l  El- - \Ph ci- (II) "~Ph 

(3) 

Product  (ID was identified by compar i son  with a known sample  [5] and by its mass  spec t rum in whieh we find 
( M -  1) +, (M - 16) +, and ( M -  17) + peaks diagnostic for  a romat ic  ni t rones  [6]. The strong peaks for  the 
(M - CO) +, PhCO +, PhN +, and Ph+ions m a y b e  at t r ibuted,  according to Kinstle [7] and Leyshon [8], to r e a r r angemen t s  
of M + of the s tar t ing  ni t rone (ID upon e lec t ron  impact  into the corresponding amide and oxaziridinc.~. 
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The chlorination of (I) a t -  78~ with subsequent t rea tment  with alcohols in the prese  nee of base under previous 
conditions [1-3] gave, in addition to the expected N,N-dialkoxytr i tylamines,  the products  of types (C) 1 ,2 - re -  
a r rangement ,  namely,  the N-atkoxy- N-phenylaminoketals of benzophenone (IID 

OR OR 1 
l - B u O C l  

> PhsC--N / Ph2C=~/ R'OH/EtsN -~ > Ph2C(OR')N(Ph)011 
--Et3N.HCI 

L N'C1 C1 \Ph J (III) 
B = R '=  Me (a), R = Me, R'--Et  (b), R = MeOcCCMez, R '=  Me (c), 

I1 = MeO2CCMe2, R '=  Et (d)- 

(4) 

The s t ruc ture  of (HD was proved as follows. The PMR spect rum of (IIIa) shows a nonequivalence of the 
MeO groups,  which excludes the al ternative s t ruc ture  of the i somer ic  N,N-dialkoxyamine.  Acid hydrolysis  is 
(lIIa) yields benzophenone and a mixture of the hydrochlor ide salts  of p-subst i tu ted anilines apparently formed 
f rom the intermediate  O-methyi-N-phenylhydroxylamine according to Bamberger  [9]. The mass  spect ra  of 
all the products  of (III) lack peaks for the Ph3 C+ and C13H9 + ions 

HCI  + 
(IIta) g~O_MeOH) Ph.s 4-, [PhNHOMe] ~ p-XC~H~NH3.C1 (5) 

X = el, Me0, H0. 

charac te r i s t i c  for (Ia) and other tr i tyl  derivat ives [10]. The dominant pathway for fragmentat ion with the 
formation of oxonium ions confi rms the s t ruc ture  of (HI) 

- - P h R "  / 
+ --C_~H~ + --Phil ~' --CO 

(Ill) +' --Ph(RO)N. Ph~C=OR' Ph.,C=OH + > PhC~---O ~ Ph + 
M + * , 

m/z197 (IVa), (IVc) mini83 m/zi05 m/z77 
m/z2tt (IYb), (IVd) (IVb), (IVd) 

(6) 

Reactions (3) and (4) are  in many ways similar  to the 8tieglitz r ea r r angemen t  of N-tr i tylhydroxylamines 
and N-halotr i tylamines  to anilines through a nitrenimn ion [11]. The lack of such r ea r rangemen t s  involving 
the MeOzC, McO2CCH 2, and Me groups [1-3] may be attr ibuted to their  lower migra to ry  capaci ty  relat ive to 
Ph [12]. However,  as shown below, the migrat ion of these groups also occurs  under cer ta in  conditions. 

N-Chloro-N-a lkoxyamines  containing the OH groups in the 7 position of the N-alkyl substituent are  
readi ly  cyc[ized in the p resence  of base to form 2-alkoxyisoxazolidines [2]. In this regard ,  webeeome in ter -  
ested in the suitability of such a react ion for the synthesis  of 2-alkoxyoxazir idines ,*  especial ly since the 
general  method for  the synthesis  of 2-alkoxyoxazir idines consis ts  in the iminization of carbonyl  compounds [14] 

X = Hal, OSO3H 

(7) 

However, only the product of the dehydration of this adduct, O-methyleyelohexanone oxime (IV), and the 
product of the type (C) 1,2-rearrangement, N-methoxycaprolactam (V), were obtained from the adduct of methoxy- 
amine with cyelohexanone upon chlorination and subsequent treatment with Et3N. In this case, the migration of 
the alkyl group is facilitated by the action of the oxygen anionic center 

,-~.o~, O{ ~~176 ~ ::::0 + .~H~OMe ~ -~:%~.~-~c~ (8) 

*There has been only one report on the preparation of 2-alkoxyoxaziridines by the thermolysis ofnitrone 

ethers [I 3]. 
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The di f ference  in the d i rec t ions  of reac t ions  (7) and (8)  is apparent iy  a r e su l t  of the SN 2 i n t r amo leeu l a r  
m e c h a n i s m  for  the f o r m e r  and n i t ren ium ion m e c h a n i s m  of the la t ter .  The genera t ion  of the n i t ren ium ion 
f r o m  N-eh loroazab ieyc l ic  compounds is usual ly  accompanied  by the migra t ion  of alkyl groups to n i t rogen [11]. 
A d i rec t  analogy for r e a r r a n g e m e n t  (8) is the r e a r r a n g e m e n t  studied by W a s s e r m a n  [15] 

X 
I 

~ 

R = Alk, X = C1, PhCQ. 

(9) 

N-Chlo ro -N-me thoxyamine  obtained in the chlor inat ion of the adduct of methoxayamine with d imethyl -  
mesoxa t a t e  undergoes  type (C) 1 , 2 - r e a r r a n g e m e n t  upon t r ea tmen t  with Et3N with migra t ion  of the ca rbomethoxy  
group and fo rmat ion  of N-methoxy-N-methy loxa loy lu re thy lane  (VI) 

t-BaOCi 
_ ) (MeO2C).,C= 0 -{- H2NOMe Et~N 

N ( MeO2C " ~N--OMe I 
.NHOM~ ~-B~oc~  / \  Et~ ,-k.~__.~/\ / I 

I (MeQC)2C / (i0) "--> -~ (MeOoC)2C OMe - C 

[_ \OH --O~ ~ M~02C-- --0- _j 

MeO2CCOC1 | 

MeO, CN}[OMe ~- MeO,,CC;)N(OMe)CO.,Me ~ - - - ~  

(vH) (v]) 

The s t ruc tu re  of (VI) was p roven  by back synthes is  and the convers ion  

l~ - ephedrine> 
(VI) MeOI{/MeO- 

Me~ 1 " ~  

0 1N l~le 0 N Me 
E I 

M e  Me 

(VIII) 

q- (VII) 
(il) 

The migration of the acy[ group to the electron-deficient carbon atom has been well studied by Kagan 
[12] and Domagala [16], while the migration to the nitrogen atom has been seen in the thermolysis of substituted 
3-benzoy loxaziridine [17]. 

We should especially note that all these type (C) 1,2-rearrangements with migration of aeety[, pheny[, 
and alkyl groups to nitrogen start with the generation of a!koxynitreniurn ion by the action of BF 3 or_ substituted 
bicyclie N, N-dialkoxyamines which are derivatives of 2,9-dioxa-l-azabicyclo [4.3.0]nonane [18]. 

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

The PMR s p e c t r a  were  taken on T e s l a  BS-487C (80 MHz) and JNN-C-6OHL (60 MHz) s p e c t r o m e t e r s  
in CCI 4 f rom HMDS (internal s tandard) ,  5, ppm.  The m a s s  spec t r a  were  taken on an MKh 1303 s p e c t r o m e t e r  
with d i rec t  introduction of the sample  into the ion source  at 30-eV ionizing e lec t ron  energy.  Optical rota t ion 
was m e a s u r e d  on a Po lamat -A p o l a r i m e t e r .  

The methyl  e s t e r  of ~ -aminooxy i sobu ty r i c  acid was obtained according  to Kornawski  e ta[ .  [19] on 66% 
yield,  bp 82-84~ (38 ram). 

N-Tr i t y tme thoxyamine  (Ia) was obtained accord ing  to Guthmann and Stieglitz [4] in 80.4% yield,  mp 
88-89~ PMR s p e c t r u m  (80 MHz): 3.36 (MeO), 6.04 (N~I), 7.11 (Ph). Mass  s p e c t r u m , m / z  (reh int. ,  %): 244 
(23), 243 Ph3C + (100), 165 Ci3H9 + (28), 132 (21), 91 C7H7 + (25). 

Methyl a~-(N-Tri ty laminooxy) isobutyra te  (Ib). A mix tu re  of 1.46 g (10 mmoles)  methyl  a - a m i n o o x y i s o -  
bu tyra te ,  2.07 g (15 mmoles )  K2CO3, and 2.79 g (10 mmoles )  t r i ty l  chlor ide in 20 mt  abs.  ace toni t r i le  was 
s t i r r e d  for 14 h at 20~ T h e p r e c i p i t a t e  was f i l t e red  off, washed with ace ton i t r i l e ,  and s t i r r e d w i t h  a solution 
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of 2.02 g (20 raraoles) Et3N in 20 methanol. The mixture obtained was s t i r r ed  for 2 h and then the methanol 
was removed  in vacuum. The residue was extracted into hot benzene. The benzene extracts  were evaporated 
in vacuum and the residue was c rys ta l l ized  f rom hexane. A yield of 2.19 g (58.4%) {Ib) was obtained with mp 
56~ PMR spect rum:  1.04 (Me2C), 3.61 (MeO2C), 7.38 (Ph). Found: C 76.58; H 6.68; N 3.74%. Calculated for 
C24H25NO3: C 76.78; H 6.71; N 3.73%. 

Thermal  Decomposition of N- Chloro-N- t r i tyNN-methoxyara ine .  A sample of 0.16 g (1.5 mmole) t-  BuOC l 
in 0.5 ral abs. CH2C12was addedto 0.28 g (1 raraole) (Ia) in 2 ml abs. CH2C12at-78~ and held for 6 h a t -78~  
and 24 h at 20~ The solvent was removed in vacuum and the residue was c rys ta l l ized  f rom CC14. A yield of 
0.21 g (76.9%7 (II) was obtained with rap 219~ [5]. Mass spect rum,  ra /z  (rel. int., %): M + 273 (44), 272 (14), 
257 (18), 256 (8), 245 (8), 244 (12), 180 (38), 165 (28), 105 (56), 91 (100), 77 (41), 51 (3). Found: C 83.44; H 5.53; 
N 4.92%. Calculated for C19HI~NO: C 83.49; H 5.53; N 5.12%. 

General  Method for the Synthesis of Benzophenone A minoketals (HI). An equiraolar amount o f t -  BuOC1 
in CH2C12isaddedto (I) in CH2C12 with s t i r r ing  a t -  78~ After 1 h, the solvent was removed invacnum at 
_<- 40~ and an equiraolar amountof  Et3N in the corresponding alcohol was added to the residue cooled to - 78~ 
The mixture  was held for 1 h at this t empera tu re  and then the tempera ture  was ra ised  to 20~ over  19 h and 
the alcohol was removed in vacuum. The residue was extracted into abs. ether and the ethereal  extract  was 
evaporated in vacuum. The residue was c rys ta l l i zed  f rom hexane. An 83.8% yield of (IIIa) was obtained with 
rap 98-99~ PMR spec t rum:  3.36, 3.38 (MeON and MeOC), 6.65-7.39 (Ph2C and PhN). Mass s p e c t r u m , r a / z  
(rel. int., %): M + -  MeO 288 (1), M + -  M e O -  MeO 257 (3), 197 (100), 105 (37), 77 (21). Found: C 78.96; H 6.65; 
N 4.47%. Calculated for C21H21NO2: C 78.97; H 6.63; N 4.39%. A 48% yield of (IIIb) was obtained with rnp 
75-76~ PMR spec t rum:  1.09, 3.65 (EtO, J = 7 Hz), 3.35 (MeO), 6.67-7.41 (Ph). Mass spect rum,  
m / z  (rel. int., %): M + -  MeO 302 (1), M + -  EtO 288 (2), M + -  M e O -  C2H 4 (1), M + -  M e O -  EtO 257 (37, 
211 (100), 183 (34), 105 (60), 77 (12). Found: C 79.07; H 6.97; N 4.04%. Calculated for C22H23NO~: 
C 79.25; H 6.95; N 4.20%. A 39% yield of (IIIc) was obtained with rap 68-69~ PMR spect rum:  
1.24 (Me2C), 3.01 (MeON and MeOC), 6.58-7.88 (Ph). Mass spect rum,  ra /z  (rel. int., %): M * - M e O  374 (1), 
M + -  MeO2CCMe2288 (3), M + -  MeO-- MeO2CCMe 2 257 (1), 197 (100), 105 (23), 77 (87. Found: C 74.54; H 6.39; 
N 3.43%. Calculated for C25H27NO4: C 74.05; H 6.71; N 3.45%. A yield of 31% (IIId) was obtained with 95-97~ 
PMR spec t rum:  1.28 (Me2C) , 1.28, 3.13 (EtO, J = 7 Hz), 2.99 (MeOC), 6.53-7.45 m (Ph). Mass spec t rum,  m / z  
(rel.int.,  %): M + -  EtO 374 (1), M + -  MeO2CCMe 2 302 (2), M + -  MeO2CCMe 2 -  C2H 4 274 (1), M + -  E t O -  MeO 2 -  
CCMe 2 257 (1), 211 (100), 183 (18), 105 (17), 77 (3). 

Acid Hydrolysis  of (II[a). A sample of 1.24 g (3.89 mraoles) (]I[a) in a mixture of 20 mlmethanol  and 
2 ml conc. HCI was s t i r r ed  for 1 h. The solvent was removed in vacuum and the res iduewas  extracted into 
ether.  The insoluble port ion was c rys ta l l i zed  f rom acetonitr i le .  A yield of 0.26 g of a salt  was obtained with 
rap 145-148~ Ether was removed f rom the ethereal  ext rac t  in vacuum and the residue was distilled. A yield 
of 0.91 g (74.9%)benzophenone withbp 121~ (3 tara) was obtained which was identified by its mass  spectrum.  

N-Methoxycaprolactam (V). A sample of 2.35 g (50 mmoles) MeONH 2 in 10 ral abs. e ther  was addedto 
4.9 g (50 ramoles) cyclohexanone in 20 ral abs. ether  a t -  30~ with s t i r r ing.  After 15 rain, 5.4 g (50 mraoles) 
t-BuOC1 in 20 ral abs. ether was added and after  an additional 15 rain, 5.05 g (50 mmoles) Et3Nin 10 ml abs. 
ether was added. The mixture was kept for 30 rain at 0~ The precipi ta te  was f i l tered off andthe ether was 
removed  f rom the f i l t rate in vacuum. The residue was distilled to yield 0.64 g (10%) O-methyleyclohexanone 
oxirae (IV) with bp 49~ (12 tara) [20] identified by PMR and mass  spect roscopy and 2.1 g (29.2%) (V) with bp 72 ~ 
(1 ram). PMR spect rum:  1.65 and 2.25 m (CH2-ring), 3.63 (MeON). Found: C 58.64; H 9.08; N 9.70%. 

Calculated for CTH13NO2: C 58.72; H 9.12; N 9.78. 

N-Methoxy-N-methyloxaloylurethylane (VD. A sample of 1.46 g (30.2 mmoles) MeONH 2 in 10 ml abs. 
ether was added with s t i r r ing  to 4.41 g (30.2 mmoles) diraethylmesoxalate in 20 ral abs. ether  at 0~ After 
0.5 h, 3.37 g (30.2 mmoles) t-BuOCI in 10 ral abs. ether was added and after  an additional 0.5 h, 3.14 g (30.2 
raraoles) Et3N in 10 ml abs. ether was added. The mixture was kept for  1 h at 20~ and after  separat ion of a 
precipi ta te  and removal  of the ether in vacuum, the residue was distilled. A yield of 3.17 g (54.9%) (VD was 
obtained with bp 83~ (0.5 tara). PM_R spect rum:  3.22 (MeONT, 3.42, 3.45 (MeOC). Found: C 37.93; H 4.81; 
N 7.51%. Calculated for C4HgNO6: C 37.70; H 4.75; N 7.33%. 

Back Synthesis of (VI). N-Methoxyurethylane (VII) was obtained f rom MeONH 2 and methyl chloroformate  
in abs. ether  in 56% yield with bp 61~ (5 ram). PMR spect rum:  3.63 (MeON), 3.70 (MeOC), 8.23 (NH). Found: 
C 34.34; H 6.76; N 13.38%o Calculated for C3HTNO3: C 34.29; H 6.71; N 13.33%. 

828 



b) A sample of 2.16 g (17.6 mmoles) MeO2CCOCI was added dropwise with stirring to 1.68 g (16 
mrnoles) (VII) in 20 rni pyridine at- 30~ The mixture was kept for 14 h at 20~ and the solvent was then 

rernovedin vacuum. The residue was distilled to yield 0.8 g (26.6%) (Vl). 

The Reaction of (VI) with/-Ephedrine. . A solution of 1.8 g (9.5 rnmoles) (VI) and 0.78 g (4.7 rnmoles) 
l-ephech'ine in i0 rnl abs. methanol with traces of NaOMe was maintained for 2 days at 20~ The precipitate 
was separated and reerystallized from methanol to yield 0.87 g (82.9%) 2-phenyl-3,4-dirnethyL-5,6-dioxornor- 
pholine (VIII) with rnp 183~ [0~]~6 -178.5 ~ (C 3.0, MeOH). PMR spectrum (CD3OD): 0.9 (MeC, JMeCH = 7,5 
Hz), 3.05 (MEN), 4.0 m (CHb0, 6.2 m (CHO), 7.48 (Ph). Mass spectrum at 70 eV, rn/z (relo int., %): M +- 
OC 2- MeNCO 118 (91), 117 (55), 116 (I0), 105 (ii), 91 (19), 77 (14), 58 (48), 57 (i00), 56 (22), 42 (56). Found: 
C 66.15; H 6.16; N 6.60%. Calculated for CI2HI3NO2: C 65.74; H 5.98; N 6.39%. A yield of 0.9 g (90.6%) (VII) 
was obtained from the filtrate after separation of (VIII) and MeOH and distillation. 

CONCLUSIONS 

We discovered 1,2-rearrangernents of N-eh|oro-N-alkoxyarnines with migration of phenyl, alkyl, and 
earbornethoxy groups to the nitrogen atom. 
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