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Contents Secondly, the imino-group & is a good intramolecular
radical acceptor. Then a fragmentation that again sets free

1. Principles styrene and nitrogen, will generate another radical-center at

2. Synthesis of thdl-2-Phenylaziridinyl Imines the very same carbon atom that accepted the radical before.

3. Eschenmoser Fragmentations and Related Reactions Thus this carbon atom is a radical acceptor and donor and

4. Generation of Carbenes and Rearrangement to Olefins two new bonds to that carbon atom will be formed during the

5. Bamford-Stevens and Shapiro Reactions reaction (section 6).

6. Radical Reactions

7. Miscellaneous

8. Future Prospects

An efficient synthesis of 1-amino-2-phenylaziridibevas i

developed by Eschenmoser [1] in 1968. This opened an ea Ph Ph

access to the correspondihg2-phenylaziridinyl imine2 _N_N:r . Q':‘—Nir . QN:N:rph
and enabeled chemists to investigate the manifold and syn-

thetically useful reactions &. Since the beginning of the l

nineties, especially the group of Sunggak Kim [2—12] has

provided a major contribution to the development of newre- D Ph
actions with this class of compounds. Recently, the first ap- - .+ NN+ |r
plications in the key-steps of total syntheses demonstrated

the versatility of these reactions, one of the latest example is

Keck’s [13] synthesis of (+)-7-deoxypancratistatin.

Ph Ph
R1
HzN-N:r >:N—N:( In this context theN-2,3-diphenylaziridinyl imines were
R? also investigated [14], but in the reactions developed in the
1 2 recent years in most casewas usedl contains one stereo-

genic center and is used as a racemate. Therefore, the imines

formed from chiral ketones are mixtures of diastereomers.

But this is not a serious problem, the additional stereocenter
1. Principles is lost again during the fragmentation reaction.

There are two different modes of reaction which have been

utilized in organic synthesis. The first one is a fragmentatior2. Synthesis of theN-2-Phenylaziridinyl Imines
of the straine@ upon heating or irradiation with UV-light. It
leads to a carbene, styre®iand nitrogen. This carbene then
undergoes the subsequent intramolecular reactions describ

below (section 3—5). So overall the carbene can be generat ]. The sequence started from the commercially available

from a ketone in a two-step sequence and — different from th tyrene glycol (1-phenyl-1,2-ethandidwhich was trans-

classical Bamford-Stevens reactions applying tosylhydrazone, . ; ; : .
_is set free undereutralconditions. %erred into the dimesylate The reaction 06 with hydrazine

deliveredl which formed2 with carbonyl compounds under
standard conditions [17]. There exists one report on the ex-
plosion of 1-amino-2-phenylaziridinium acetate at room tem-

The preparation dof was first reported by Eschenmoser [1],
bsequent improvements [14] led to a patent [15] and a well
%gfinded experimental procedure in Organic Synthesis [16—

A R! Ph perature [5], but the pentane solutionlothat one obtains
2 — Z |+ N=N + |]/ during the synthesis can directly be used for the reaction with
orh-v R 3 the carbonyl compound, so this problem will be avoided.
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Recently, S. Kinet al have observed that tlag3-epoxy-

N-aziridinyl aldimines9 do not show the fragmentation by
C-C-bond breaking. Upon heating they formed alkylidene
carbened Othat either led to propargylic alcohdlsby 1,2-

migration or formed five-membered carb@2) and hetero-

HoN - NHyH,0

pentane

cycles (3 by insertion reactions [8, 9].

4. Generation of Carbenes and Rearrangement to
Olefins

Upon heatingl4 was able to deliver trisubstituted olefits
under neutral conditions in good yields [24].

3. Eschenmoser Fragmentations and Related Reactions
The fragmentation of imines liké derived from epoxy-

ketones has initally been developed for the synthesis of mact
rocyclic ketones like exaltone and muscone [19]. Soon it was
recognized that this was a quite general synthetic pathway

for alkynes8.

O R ] O g2 Ph
R1/QS:O R1/QS:N_N:r

R3 R3 7

0 R Ph
RI— & || + N=N + ”/
3

R° 8

In this context the first synthetic application2dfespec-
tively 6) were investigated [1, 14], several related conver-
sions in the synthesis of nine-membered cyclooctines [20]
of pheromones [21] and of vitamin B[22, 23] have been
reported.

~ 2
/&{2 Ph A QR
1 . +
R —N—N:r R N=N
9 Ph H
-
\ "
HO
R R R! ,
A R? = CR,CR,OTBS HO R
R o TTBS T —— H
O-Si-insertion R v
13 10
R' = CR,CR,H
C-H-insertion
1,2-shift
HO, R?
HO
— 2
R ——R
R R!
R R

12
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R1 Ph A R1
72:N—N:r _— H
1 R2
h
H R 14 . ”/P R
-N; 15

R',R? = alkyl, aryl 75-92%

This principle has been utilized in the investigation of the

first example of an interconverting carbene—bridgehead alkene

pair, the equilibrium between homocub-1(9)-ene and ho-
mocub-9-ylidene [25]. Benzoxetef@&was prepared by pho-

tolysis of the precursdk6 in an argon-matrix at 1K [26].

hv

> 300 nm
Ph -
HO —N—Nf argon HO —H
matrix
16 \
A 254 nm
’ OE; 2 A > 350 nm o 17

If, like in 18, thioethers were placed next to the carbene,
heterocycled 9 have been obtained as the products of a ring
expansion [11].

1
[X A Ph
S>S:N—N:r
RZ

x=s0 18
R',R? = alkyl,aryl

od
S7°R?
19  65-88%
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Similar ring expansions could be achieved with cyclic etherghe olefins25 were formed with higlz-selectivity (at least
like 20, in other cases (substrates 1K the ether remained 96%Z, in most cases even >9%p[29].
untouched and the carbene inserted into the neighboring C—

C-bond [10].
o Ph
% Ph - /H/j\
o - |
=N Ni( o
20 60%

Ph
ol Q)
(o] _—
21 81%

6. Radical Reactions

In the last years Kim has demonstrated that aziridinyl imines
are radical acceptors that will regenerate a radical center at
the former imine carbon atom. Thus two consecutive bond
formations at the same carbon were possible in a one-pot pro-
cedure. In the first examples the formation of five- (R

and six-membered rings (lik&7) was demonstrated [4, 5].

E E E E

h Ph BusnH
AN
N-N _—
H
I . \

Br
E = CO,CH,CHs 26 89%

5. Bamford-Stevens and Shapiro Reactions
A silicon-directed version of the Bamford—Stevens reactionE £ EE
was described in the literature, the product selectivity of the
double-bond formation (allylsilan@8 : homoallylsilane24) Ph CouMe BusSH é\/\
in thermal reactions &2 ranges between 70:30 and 92:8. In \N—N:r + = S CO.Me
the presence of Rh(OAg) was improved to 98:2 or better, | AIBN

interestingly under these conditions &8¢& ratio was invert-
ed: instead of abouE:Z = 80:20 a ratio of about 14:86 is
observed [27].

27 87%

Carbonyl groups have been shown to react faster with the

™S ™S tributyltin radical than the aziridinyl imines in most cagss,
rR— M Ph , /R thus leads to the lacto28 [2].
R2 R
Ro N-N - . RO
R\ R* Ny EE EE
22
RI-R* = alkyl . Ph BusnH Ph
5 62-82% yield | N-N ) N_N:r
“octyle TMS O AIBN 0OSnBu3
R H 28
23:24 R? \
A 70:30 to 92 : 8 (E:Z=80:20) R
Rh,(OAc), > 98:2 (EZ=14:86) R .
o
2 could also be applied in Shapiro reactions. One example 0O 2
was reported in the studies on the stereoselective synthesis of 0SnBu3

juvabione [28], a catalytic Shapiro reaction is also known,

Ph

R
NLi NH
R R
i g a
W e
R2 @ R®

602

R1
g ﬁ e
R2 R2 | Ph
Li“‘N\7/
R',R? = alkyl
R

29 73%
3:1 mixture of diasteromers

In combination with the radical cyclization of alkyl azides,
a new route to nitrogen-heterocycles was developed{r].
delivers only theis-fused31, with substrates likB2the trib-
utyltin radical is set free again, aB8was isolated.

Polycyclic systems like [3.3.3]propellanes can also be pre-
pared from simple, open-chained precursors. This principle
was applied in the transformation3¥to 35in the course of
a formal total synthesis of_.-modhephen86 [6].

Other examples are found in the synthesesLefizaene
37 andbL-khusimone 38 [3].

A quite impressive application in total synthesis was the
key-step in the synthesis of (+)-7-deoxypancratisttii 3].

J. Prakt. Chenl999 341, No. 6



N-2-Phenylaziridinyl Imines THE REAGENT

E Ny E ph BugSnH
h BuzSnH (j/\ AAAAA - N-N [
\N—N{ « N AIBN
| AIBN l 5 Seph
30
l TsCl B
base
E
n CL
0O, N
(73% from 30) b Ts .
d,l-zizaene
37
E O.Seqiv E
(_( Ph  BusSnH (_( Ph
=N-N =N-N
Ny AIBN N® Ph gugsn
|
32 SnBU3 ,,,,, - N_N —_—
AIBN
0 SeFﬁ ™S
E E E Ph = 7=
L] H
) -— o ~— N-N '
N 33 l\ll r\||
81% SnBug SnBug
d,l-khusimone
38
BUSSHH
AAAAA - N N —_—
AIBN
OBn QBn
/N lo) NH 0

A\/O Ph %/ 3
Z | 0 —N-N PhsSNH O o
74% \ | - \
TBSO O AN TBSO O
t S 40 78%

39 0
|\ d/-modhephene '
36
HO,

HO -
40 was prepared fror@9, the diastereoselectivity of this re- O
action forming two rings was very high — the authors could
only detecd0but none of the other three diastereomers con- 4
ceivable in this reaction creating two new stereogenic centers (+)-7-deoxypancratistatin
in a chiral and enantiomerically pure molecule.

Recently, Kim demonstrated that precuré2ican be uti- N_N:f
lized in the synthesis @fL-pentalenend3([12). .. - SePh 42
=

7. Miscellaneous HO
Not always a fragmentation was observed. In the reaction of BusSnH
the substrated4 and46, the 1,2,4-triazole fused heterocy- AIBN

cles45 and47 were obtained [30].

8. Future Prospects %8 @ %/
+ +
OH

:::::

This short contribution covers all relevant types of transfor- OH

mations of the 2-phenylaziridinyl imines known so far. If one : 1:1:9
takes into account the relatively small number of scientists ¥ (= 84%)
involved up to now in combination with the recent and very

successful applications, one can easily imagine that in theﬁ/

near future many more applications will be reported. For d,-pentalenene

example the utilization of other radical acceptors with hete- 43
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N\

>:N_N:L PPh,/CCl,
HN
0 Ph

Et;N ‘0‘\ Ph
HN N
R 44 R
R = alkyl, aryl ;
i
N N
T - |
\<H]\ \i\l' Ph
i} Ph .
R

45

\FN_N:L PPhs/CCl, \FN_,\(L
HN>= on —— | N
o]

. Ph
Et;N e O
HN ’ N4
o R
R 46 5
i
N N,
N NWPh - N§<Nj—Ph
N O Ne®”
Y <
1 R
47 R=aryl
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S. Kim, G. H. Joe, J. Y. Do, J. Am. Chem. S894 116,
5521

S. Kim, C. M. Cho, Tetrahedron Left995 36, 4845

S. Kim, C. M. Cho, Tetrahedron Left994 35, 8405

[10] S. Kim, J.-Y. Yoon, C. M. Cho, J. Chem. Soc., Chem. Com-

(11]
[12]
(13]

(14]
(15]

(16]

(17]

(18]
(19]
(20]
[21]
(22]
(23]
[24]
(25]

[26]
[27]

roatoms probably opens new synthetic pathways to highly28]

functionalized molecules.
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