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ABSTRACT
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An efficient synthesis of chiral dihydrooxazines (2) from 1-aryl-2-amino-propane-1,3-diols (1) via the corresponding bistrichloroacetimidate
intermediates has been developed. In this transformation, one trichloroacetimidate acts as a leaving group and the other acts as a nucleophile.

The cyclization proceeds through an S \1 mechanism to provide trans-dihydrooxazines with complete diastereoselectivity irrespective of the
absolute configuration of the benzylic alcohol. The transformation of 2 into other selectively protected aminodiols is also documented.

Trichloroacetimidate is known to be a good leaving group (eq 2, Scheme 1 The Overman rearrangemeng, [3,3]-

under acidic conditions especially if the putative carbenium sigmatropic rearrangement that combines the dual reactivities

intermediate is stabilized by a neighboring heteroatom, aryl,

allyl, or oxyallyl group, etc Thus,O-glycosyl trichloroace- _

timidates are efficient glycosyl donors for the synthesis of Scheme 1. Trichloroacetimidate as a Leaving Group and as a

glycoconjugated,whereas benzyl trichloroacetimidates are Nucleophile

proven to be versatile benzylation reagents for hydroxy o. R, Lewisacid Ry 0

groups under acidic conditions (eq 1, Schemé On the Y Bomedag RN H N)J\CCI e

other hand, the nitrogen atom of trichloroacetimidates can NH R ? ’
- . . . Ry = ORy, NRoRs, Ar, Allyl

also act as an efficient nucleophile for intramolecular ring

ClsC

q 1

opening of halonium saltsepoxides, and dioxolanyliums )’\ﬂ" Lewis acid X n
0
P/H;O CCls or Bronsted acid NQ{ eq2
(1) Abdel-Rahman, A. A.-H.; Winterfeld, G. A.; Takhi, M.; Schmidt, cal
R. R.Eur. J. Org. Chem2002 713-717 and references cited therein. X =0, I¥, PhSe*etc,n=1, 2 3
(2) (@) Schmidt, R. RAngew. Chem., Int. Ed. Engl986 25, 212—
235. (b) Roussel, F.; Knerr, L.; Grathwohl, M.; Schmidt, R.GRg. Lett. C'sc\n/o Rt thermal Cl,C._O Ry
200Q 2, 3043-3046. (c) Zhang, J.; Schmidt, R. Bynlett2006 1729- \I& | eq3
1733. NH Xy or metal-catalyzed HN
(3) (a) Iversen, T.; Bundle, D..R. Chem. Soc., Chem. Commai881, R
1240-1241. (b) Wessel, H.-P.; Iversen, T.; Bundle, D.RChem. Soc., R
Perkin Trans. 11985 2247-2250. (c) Zhang, J.; Schmidt, R. Bynlett cLC. O O_ _CCly 2 R4 R
2006 1729-1733. N - . o eq4
(4) (a) Bongini, A.; Cardillo, G.; Orena, M.; Sandri, S.; TomasiniJC. NH R, R NH N%}/
Org. Chem.1986 51, 4905-4910. (b) Kang, S. H.; Choi, H.-W.; Kim, J.
S.; Youn, J.-H.J. Chem. Soc., Chem. Commu00Q 227-228 and CClg

references therein.
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of trichloroacetimidates, has also found widespread applica- ||| |  GTGTGTNGNGEGEGEGEGEEEEE

tion in organic synthesis (eq 3). Interestingly, the transforma-  gcheme 3. Synthesis of 1-Aryl-2-aminopropane-1,3-didis

tion shown in eq 4 (Scheme 1) wherein one trichloroace- OH OH OH

timidate acts as a nucleophile while the other acts as aleaving MeMgCl, THF S

group has rarely been investigated. Aside from the stereo- g R— Bool) o}
; i ; R P ; H AN then Garner's N OC|

chemical issue, a p(_)tentlal plt_fall of this othng|se attractive s aldehyde (4), DCM s 7Q

approach is the regioselectivity of the reaction. Indeed, two

examples reported in the literature involving intramolecular a) AllyBr, K200 Allo— OH

vinylogous Schmidt glycosidation showed disparate regio- ” R e OH

selectivities® We reasoned that by varying the electronic melgLS%'jc‘;O% S NHBoc

nature of the R and Ryroups we should be able to push the ’ 1

reaction to proceed through aglSmechanism and conse-
guently to control the regioselectivity of the cyclization by
modulating the relative stability of the incipient carbenium and Garner’s aldehydé mediated by methyl magnesium
intermediate. Because the resulting oxazoline (five-memberedchloride afforded the syn addubtin excellent yield and
ring) or oxazine (six-membered ring) is easily hydrolyzed, diastereoselectivity (cf. Supporting Information for detaifs).
this route would constitute an efficient way to synthesize The syn selectivity was taken for granted on the basis of
amino alcohols and derivatives thereafter from 1,2- or 1,3- Casiraghi's work and was confirmed by X-ray analysis in
diols. Nicolaou and co-workers have recently reported an our related studie®. Allylation of phenol followed by
elegant synthesis of sulfamidate from styrene-derived 1,2- cleavage of oxazolidine witp-toluenesulfonic acid generated
diols using the Burgess reagent on the basis of the samethe desired amino didl (Scheme 3).
principle 1011 To our delight, attempted synthesis of bistrichloroacetimi-

In connection with our ongoing project, we were interested dates by reaction of aminodidla with 3 equiv of trichlo-
in the synthesis of chiral diaminé&!2As a continuation of roacetonitrile in dichloromethane in the presence of DBU
this research program, we report in this letter an efficient afforded directly therans-dihydrooxazine2ain 62% yield
synthesis of oxazin@ from readily accessible 1-aryl-2- (Scheme 4). The hypothetic bistrichloroacetimidate was not
amino-propane-1,3-diol1j via a bistrichloroacetimidate  isolable in this case. The structurezzfwas assigned without
intermediate and document that the overall process is highlyambiguity by X-ray analysis. ThtH NMR spectrum o2a
regio- and stereoselective irrespective of the absolute con-displayed a coupling constamd§-+s = 5.6 Hz) characteristic
figuration of the benzylic alcohol (Scheme 2). of the trans relationship of these two protdh%By applying

the same one-pot protocol, compoun2ls and 2c were

_ prepared from the corresponding aminodiols with complete

Scheme 2. Synthesis of Diaminoalcohol by Intramolecular regio- and stereoselectivity.
Cyclization of Bistrichloroacetimidate When diol 1d was reacted with trichloroacetonitrile in

dichloromethane in the presence of DBU, the corresponding

OH 7 bistrichloroacetimidatéd was isolated in 50% yield (Scheme

A on Ci;CCN, DBU, DCM N7"0 5). Although 6d was not very stable, it was isolated by
NHBoc or CI,CCN, DBU, DCM Ar“'k‘) column chromatography and was fully characterized. In the
] then MeSOzH , \HBoc presence of a catalytic amount of methanesulfonic acid (0.05

equiv of MeSQ@H in CH,Cl,, C = 0.03 M), 6d cyclized

) . ) . ) (10) (a) Nicolaou, K. C.; Huang, X.; Snyder, S. A.; Rao, P. B.; Bella,
The required amino diol was synthesized as shown in M.;CRegdy,d M. \gAngeW-Ighey-, Int. E@002 416 834-838. (b) Nicglﬁou,
; ; K. C.; Snyder, S. A.; Nalbandian, A. Z.; Longbottom, D. A.Am. Chem.
Scheme 3. Phenolic aldol condensation between ph&nol o 50, 56'6534 6235, (c) Nicolaou K. C.. Snyder. S. A.: Longbottom.
D. A.; Nalbandian, A. Z.; Huang, XChem=—Eur. J.2004 10, 5581-5606.
(5) (a) Bernet, B.; Vasella, ATetrahedron Lett1983 24, 5491-5494. (11) Rinner, U.; Adams, D. R.; Santos, M. L. D.; Abboud, K. A,;
(b) Schmidt, U.; Respondek, M.; Lieberknecht, A.; Werner, J.; Fischer, P. Hudlicky, T. Synlett2003 1247-1252.
Synthesid989 256-261. (c) Hatakeyama, S.; Matsumoto, H.; Fukuyama, (12) For reviews, see: (a) Lucet, D.; Le Gall, T.; MioskowskiADgew.
H.; Mukugin, Y.; Irie, H.J. Org. Chem1997, 62, 2275-2279. (d) Green, Chem., Int. Ed1998 37, 2580-2627. (b) Reetz, M. TChem. Re. 1999

M. P.; Prodger, J. C.; Hayes, C. Jetrahedron Lett2002 43, 6609 99, 1121-1162.

6611. (e) Matsushima, Y.; Nakayama, T.; Tohyama, S.; Eguchi, T.; (13) For diastereoselective and stereodivergent three-component phenolic

Kakinuma, K.J. Chem. Soc., Perkin Trans.2D01 569-577. (f) Wang, Mannich reactions, see: Rondot, C.; ZhuQrg. Lett. 2005 7, 1641—

B.; Yu, X.-M.; Lin, G.-Q. Synlett2001, 904-906. (g) Brennan, C. J.; 1644.

Pattenden, G.; Rescourio, Getrahedron Lett2003 44, 8757-8760. (h) (14) The bistrichloroacetimidates of olefinic 1,3-diols and olefinic 1,2-

Lu, X.; Bittman, R.Tetrahedron Lett2006 47, 825-827. diols have been prepared and used in iodine-promoted cyclization. Under
(6) Jacobsen, SActa Chem. Scand. B986 40, 493-497. these conditions, these bistrichloroacetimidates displayed completely dif-
(7) Overman, L. EAcc. Chem. Red.98Q 13, 218-224. For a metal- ferent reactivity from that shown in the present study. See: (a) Kang, S.

catalyzed enantioselective version, see: Anderson, C. E.; Overman, L. E.H.; Kim, J. S.; Youn, J.-KTetrahedron Lett1998 39, 9047-9050. (b)

J. Am. Chem. So@003 125 12412-12413. Kang, S. H.; Kim, C. M.; Youn, J.-KTetrahedron Lett199Q 40, 3581—

(8) (a) Link, J. T.; Raghavan, S.; Danishefsky, SJ.JAm. Chem. Soc. 3582.
1995 117, 552-553. (b) Link, J. T.; Raghavan, S.; Gallant, M.; Danishefsky, (15) Casiraghi, G.; Cornia, M.; Rassu, .0rg. Chem1988 53, 4919-

S. J.; Chou, T. C,; Ballas, L. MJ. Am. Chem. Sod 996 118 2825 4922.

2842. (16) (a) De Paolis, M.; Chiaroni, A.; Zhu, J. Chem. Soc., Chem.
(9) Langner, M.; Laschat, S.; GrunenbergEdr. J. Org. Chem2003 Commun2003 2896-2897. (b) Chen, X.; Chen, J.; De Paolis, M.; Zhu, J.

1494-1499. J. Org. Chem2005 70, 4397-4408.
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Scheme 4. One-Pot Synthesis of Dihydrooxazin2a—c

CCly ch Cch cCly
Allyil0 OH OH AllO N/ (0] AllO N
CI,CCN, Allylo  N* "0 > A0 N77O
NHBoc DBU, DCM " NHCbz NHBoc OO
MeO 1a 62%  MeO 28 NHBoc NHBoc
CCly CCly
Allylo  N* O Allylo N0 St
NHBoc
o MeO NHBoc
-0 OMe
2b (78%) 2¢ (73%)
2h (55%) 2i (72%)
Figure 1. Yields of dihydrooxazines2e—i from a two-step
synthesis.
2a was synthesized by reacting the diol with 1 equiv of

trichloroacetonitrile. WherB was submitted to the same
reaction conditions as those describedddythe 1,3-dioxane
9, instead of the desired oxazine, was produced (Scheme 6).

smoothly to afford thérans-dihydrooxazine2d in 71% yield.
Lewis acids such as BFOEL and EtAICI were less effective

as catalysts for this reaction. It is interesting to note that the
alternative cyclization mode leading to oxazolidinaheas

Scheme 6. Cyclization of Hydroxy Trichloroacetimidate

CClg C|3c><NH2
AIO  OH O” “NH MeSOzH AIO 070
Scheme 5. Two-Step Synthesis of Dihydrooxazir2el Me (01 equiv) _Me
DCM
NH MeO NHBoc . MeO NHBoc
AIO  OH OH AllO CCI3 NH OMe ° OMe
Me Cl5CCN, 8 9
DBU, DCM CCI3
MeO NHBoc 50’% NHBoc
OMe 1d CCI The intramolecular nucleophilic addition of the hydroxy
s AlO group to the protonated imine (6-exo-trig cyclization) could
MeSOzH AlIO N / (6] NH account for the formation of dioxar We emphasize that
(0.05 equiv)  Me the reaction is highly diastereoselective due to the favorable
DCM o NHBoc MeO ;teric and stereoelectronic effects to generate only one single
© Onte CCI isomer9 whose structure was determined by X-ray analysis
(cf. Supporting Information).
2d (71%) 7 (0%)

The inversion of stereochemistry at the benzylic center
was observed frori to 2 in all cases examined. To probe if
the substitution reaction went through thg2Smechanism
as these results might suggest, amti-aminodiol 10 was
synthesized by a Ti-mediated phenolic aldol condensation
process (Scheme ¥.When 10 was submitted to reaction
conditions identical to those described for its syn diastere-
omer, the sam#rans-dihydrooxazine2awas isolated in 74%
yield. These results indicated that the cyclization might
proceed through an\& rather than an 2 mechanism.
Supposing that the reaction went throughaatiho-quinone
methide intermediat&1,'8 the stereochemical outcome may
be explained on the basis of conformational analysis.

(17) De Paolis, M. Blankenstein, J.; Bois-Choussy, M. ZhuOdy. Considering the relative stability of the four conformers
Lett. 2002 4, 1235-1238. (Scheme 8)11D with all substituents in thpseudoequatorial

not observed indicating the higher nucleophilicity of the
trichloroacetimidate over thert-butyloxycarbonyl function
under these reaction conditioflsThe scope of this two-
step process was found to be quite general, and other
dihydrooxazines synthesized are listed in Figure 1. At the
present time, we have no clear-cut explanation on the
different reactivity of the bistrichloroacteimidates derived
from la—c and1d—i.

To evaluate the importance of using the bistrichloroace-
timidate as the cyclization precursor, the benzyl alcdhol
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Scheme 7. Stereochemical Issue of the Cyclization Scheme 9. Derivatization of Dihydrooxazin@a
) AlylO  OH OH 0
a) Ti(OiPr),, toluene H
Meo/©\ on 0°Cto 20 °C, 85% _NaOR O 0 HN’/(NH
CCly MeOH, reflux N
o) ; S MeO OH
BocN c) pTsOH (0.1 equiv) CI;CCN : ] 12 o
7§ MeOH, 0 °C, overall 45% DBU, DCM J\
2a MeO NHBoc Al HN™ ~CClg
2a DCM/TFA (5:1) o
. . — 100% MeO HN«
position may predominate over others. Cyclization by a 13 o
6-exo-trig mode afforded then the obsenteths-dihydroox-
azine. - - . .
the imidazolidinonel2 in 95% vyield. On the other hand,
stirring a solution of2a in CH,Cl, and TFA (v/iv= 5:1) at
: : . room temperature generated the oxazolidind8én quan-
Scheme 8. Stereochemical Consideration titative yield. The structure of3 was confirmed by X-ray
<N NHBoc analysis (cf. Supporting Information).
H e Lo 1 | lusi have developed an efficient synthesi
S Q0 i -R n conclusion, we have developed an efficient synthesis
QCHJ Nul el e ¢y - B o of the selectively protected diamino alcohol unit that is of
0 el H CIHé;W/ H gOAll considerable interest in terms of both synthetic application
H i “ and catalyst desiglf. The key to our approach is the
11A 11B o o T o
0 exploitation of the dual reactivities of bistrichloroacetimi-
dates. The application of this chemistry to the total synthesis

of bioactive natural products such as bioxalom§tis in
progress.
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Although the dihydrooxazine can be hydrolyzed under
acidic conditions, we have found two interesting transforma-
tions that lead to the selectively protected form of the diamino
alcohol (Scheme 9). Thus, heating to reflux a methanol
solution of2ain the presence of NaOH (20 equiv) afforded 0L0627202

Supporting Information Available: Experimental details
and physical data for compounds-13. This material is
available free of charge via the Internet at http://pubs.acs.org.
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