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Aziridines (1) were allowed to react with (2-propynyl)triphenylphosphonium bromide (2) to yield (2-aziridinylallyl)-
triphenylphosphonium bromide (3) at low temperature and (2-aziridinyl-1-propenyl)triphenylphosphonium bro-
mide (4) directly, or on heating from 3. (Phenylethynyl)triphenylphosphonium bromide (5a) yields (2-phenyl-2-
aziridinylvinyl)triphenylphosphonium bromide (6). The salts from aziridine and 2 or 5a yield (2-methy!l- (14a) and
(2-phenyl-2-pyrrolin-3-yl)triphenylphosphonium bromide (14b), respectively, on heating in acetonitrile. Treat-
ment of several of the salts, 4a and 4b, with aniline at 70 °C yields the alkylated anilines 13a and 13b, respectively.
2-Vinylaziridines (15) and 2 yield substituted [(2H-1,3,4,7-tetrahydroazepin-2-ylidene)methyl]triphenylphospho-
nium bromides (16), while 15 and 5a or (1-propyn-1-yl)triphenylphosphonium bromide (5b) give (1H-2,5-dihy-
droazepin-6-yl)triphenylphosphonium bromides (17) via hetero-Cope rearrangements. Compounds 14a and 17a
are N-alkylated, whereas 16b is alkylated « to the triphenylphosphonium moiety. Compounds 14a and 16a undergo
the Wittig reaction with aldehydes in the normal manner. Proton and 13C NMR spectra are reported for most of

the compounds.

Recent reviews have reflected current interest in the syn-
thesis and chemistry of heterocycles bearing phosphorus-
containing substituents.?? Preceding work in this laboratory
has dealt with the synthesis of such heterocycles from un-
saturated organophosphonium salts.“2-¢ These syntheses have
employed both cycloaddition and intramolecular Wittig re-
action routes to form the heterocycle. This paper describes
our current efforts to prepare phosphorus-substituted het-
erocycles via the rearrangements of the activated aziridine
synthon.

Results and Discussion

When aziridines 1 were allowed toreact with (2-propynyl)-
triphenylphosphonium bromide (2) in methylene chloride (eq
1) at the temperature given in Table I, the corresponding
adducts 3 were usually produced (Scheme I, Table I). From
the low temperature addition of le to 2, however, only the
“conjugated” adduct 4¢ was isolated. The “conjugated” ad-
ducts 4a and 4b were also prepared either via heating the
isolated intermediate 3 in chloroform or acetonitrile [eq 1 (i)]
or directly by heating 1 and 2 in methylene chloride [eq 1 (ii)]
(without isolation of intermediate 3). Similarly, the N-vin-
ylaziridine 6 was obtained from the reaction of la and
(phenylethynyl)triphenylphosphonium bromide (5a) (eq 2,
Scheme I).

These products were characterized by their field desorption
(FDMS) and chemical ionization mass spectra (CIMS), IR,
'H NMR, and 13C NMR spectra. The IR spectra of com-
pounds 3 showed a weak absorption at ~1630 cm™! corre-
sponding to the terminal double bond, while compounds 4 and
6 showed a strong absorption at ~1560 cm™1, in good agree-
ment with the behavior of double bonds of other 3-amino-
vinylphosphonium salts.*f¢ The NMR spectra of 3 {with the
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exception of 3d) could not be obtained at normal probe tem-
peratures (~30-40 °C). Attempts to do so provided only a
spectrum of 4. However, *H and '3C NMR spectra of 3a were
obtained at —~10 °C. The 13C NMR spectra are given in Table
II for compounds 3a, 4a,% and 4b. The ring protons of adducts

Table I. [2-(Aziridin-1-yl)-2-propenyl]triphenylphosphonium Bromides (3) and [2-(Aziridin-1-yl)-1-propenyl]triphenyl-
phosphonium Bromides (4)

Equation 1 Equation 1 (i) Equation 1 (ii)
3, mp % T, °C 4, mp % T, °C/ % T, °C/
R}, R? (°C) yield time, h (°C) yield Solvent time, h yield time, h
a H, H 132-136 85 0-10/0.5 122-127 84 CHCl;  40/8 X 10—* 81 0 — 40/0.5
b (CHs)4 110-117 71 0-10/0.5 97-117 CHi;CN 8l1/16 84 02 — 25/0.5
c Ph,H 153-160 92 0e — 5/0.5
d PhC(0), 124-136 53 25/1.33
p-OzNCeH,;

a Reactants were mixed at 0 °C over a period of 0.5 h, and then the mixture was warmed briefly to the second temperature for the

time given.
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4 exhibited NMR signals with chemical shifts approximately

577 - 5‘5 e 2 1 ppm downfield from those of 1. Thp chemical shif_ts of the
9 al, D 2, on iy vinyl protons of these adducts likewise appear considerably
ey bl % B downfield from those found for other 3-(alkylamino)vinyl-
Sl 29N 3N phosphonium salts.*-1 In a similar manner, the chemical shift
S = < of the vinyl carbon next to phosphorus in 4 was deshielded
— - = relative to the same resonance in other 8-(alkylamino)vinyl-
g =] & phosphonium salts.® This phenomenon (i.e., the relative
- - - deshielding of the vinyl protons and carbons adjacent to
phosphorus in §-aziridinylvinylphosphonium salts) has been
x 3 M discussed in a recent publication.4i
0 @ While IR, 'H NMR, and 13C NMR spectra were of consid-
i~ £ 2 erable utility in the characterization of these phosphonium
g ¥ % 2 ] salts, electron-impact mass spectra provided extremely little
- 5 § information, presumably due to the salts’ low volatility. Field
= g desorption mass spectroscopy (FD), which has previously been
* r b £ g found useful for the molecular weight determination of
¢ g phosphonium halides,? was therefore tried with a number of
- _ - Z " these salts. Although compounds 7, 8, and 10 gave essentially
== x I o 1 =g
5% 58 8 &8 & 3 HC PPh,Br
p £ 2 N S
= S C=C
: 2g 7w
g o=
2 g% ——
£ 25 7, X = CH,CH,CH, N~
2 2 "g |
z = 8, X = CH,CH,CH,CH,CH,N—
= <0
3 £ £ g 9, X = (CH,),N—
S = e
§ %”—g 10, X = CH,NH-
;s g g_ 3 E one-line spectra providing the correct molecular weight of the
g § = corresponding cation, FD spectra of 4a, 4b, and 6 were quite
- “ o ‘g s 5 complex and could not be used for molecular weight deter-
X ~ P .ifL .j:": 3 mination. Interestingly, the FD mass spectrum of 3d showed
o o o 2 & § two main line groups corresponding to the cation (M+) and
e S o = o e a cation/anion cluster (M*Br~ — 1). Another more general
~ < 2 “;’ 5 method was sought, however, since the field desorption
- < ;:E_.; £ g ? method was unsuccessful with 4a, 4b, and 6. McLafferty and
g g 2 I co-workers® have reported a chemical ionization technique
- @ A 55 wherein relatively involatile compounds react in the solid
- = £ —a— i ] phase directly with the ionized gas. Munson et al.” have re-
- ‘2" -g * =5 cently applied this technique to the analysis of the phospho-
R E § g nium halides reported in this work. From this method correct
~ - ) g .8 M+ lines were obtained for not only 7, 8, and 9, but also for 3,
8 ; ; ?:‘ g % ﬁ % 2 4, and 6. Thus, the latter technique seems to have wider ap-
i o = & < plicability than FDMS to the analysis of these phosphonium
- - g 8 é salts. Both methods have been used in the analysis of various
32 ex s~ = §% other compounds in this paper.
oy g g E 2 g Isolation of compound 3 is consistent with the following
= oY mechanism of addition of amines to 2 (Scheme II). The in-
-3 ~E v = g ?’:j e termediacy of 2’ has been conclusively shown in the conjugate
3L I3 z B 2 22 additions of nucleophiles to 2.4 Compounds corresponding
z z z g : H to 3 or 3’ from the addition of alcohols to 2 have also been
@ E < £ Scheme 11
3 1R 2 + -
' é g <z BRNH , H,C=C=CHPPh,B:
z R 3 2
= 53 °3 wovm '\
0 = R'R2NH
g E S B
—g 5 E ;-g + - + -
§ ;:: g = H,C PPh;Br HzC\ /PPh;;Br
£S5 ; = c=C «— /CCH_,
S5 2.8 R'N H RN
2e g2 | |
2 0 T3 2 R
= = ] = ZE 3/
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Table II1. 2H-1,5,6,7-Tetrahydroazepines (16) and 2 H-1,5-Dihydroazepines (17)

% Conditions
Compd R R! R? R3 yield Mp, °C (T, °C/time, h)

16a CHj; Ph CHjq 95 232-234 0e — 20/0.5
16b CH; Ph H 90 229-234 0e —~ 20.0.5
16¢ (CHg)4 H 74 90-115 0@ — 20/0.5
17a CH; CHj; Ph H - 90 242-246 81/6
17b Ph CH; Ph CH; 71 214-222 81/20
17¢ Ph CHy Ph H 73 130-150 81/20

a Reactants were mixed at 0 °C over a period of 0.5 h, and then the mixture was warmed briefly to 20 °C for the time given.

isolated,*f and a phosphonate analogue of 3a has been pre-
pared.8

Compounds 4 and 6 are uniquely “activated” aziridines.
Many examples of compounds with the general structure 11
(where Z is an electron-withdrawing group) are known.%-13
Examples containing the phosphorus moiety, iminophos-
phonates and phosphoramides 12, have also been synthe-

\C 7
v g N
Vv Y
1 12
R=Ar, NHAr; R’ =—0Ph, -N]

sized.}4 However, 4 and 6 are the only examples of 11, to our
knowledge, where Z is a phosphonium group.

Although the resonance forms depicted below for 4 are
apparently not as important as those for 7-10,% consideration
of this diminished resonance might nevertheless lead one to
predict that 4 and 6 have quite electrophilic ring carbons.

+ +
R PPh, R PPh, R

N N N

V i/ + </ +
Some alkylation reactions typical of “activated” aziridines
were therefore attempted. Thus, when aziridines 4a and 4b

were treated with aniline at 70 °C, compounds 13 were ob-
tained in 95% yield (eq 3).

s
HC PPh,Br H
/ | R! . _
%‘ — PhN H.C PPh,Br
Rl/;l\ N
, R? |
R” 4 H
13 (3)
a, R' = R? = H; b, R' = R? = (CH,),
Nucleophile-Catalyzed Rearrangements. Nucleo-

phile-catalyzed rearrangements of N-vinylaziridines to pyr-
rolines®-11 are rather sparse compared to those of acyl-acti-
vated aziridines.'?16 Indeed, rearrangements of N-vinylaz-
iridines in this manner are known to be quite difficult,!” often
producing only ring-opened products.?-17 In this laboratory,
attempts at these rearrangements with 2-(aziridin-1-yl)-
vinylphosphonium salts were only partially successful.

In refluxing acetonitrile, compounds 4a and 6 rearrange to
the 2-pyrrolines 14a and b in 65 and 86% yields, respectively
(eq 4). The spectral and analytical data support the assigned
structures. The 13C NMR spectra of 14 are given in Table II.
Compound 4b under similar conditions was recovered un-
changed.

+ - b iy
R PPthl" PPh;jBI‘
_ CH,CN
—_— \ (4)
QN A 1|\ R
H
4a, R = CH, 14a, R = CH,
6, R =Ph b, R =Ph

A suggested mechanism for the formation of 14 is depicted
in Scheme II1. Although analogous phosphonates have been
synthesized, 18 previous attempts to prepare a pyrroline ring
containing a triphenylphosphonium substituent have been
unsuccessful.18bec

Hetero-Cope Rearrangements. From the reaction of
2-vinylaziridines 15 with 2 in methylene chloride, no com-
pounds corresponding to 3 or 4 were isolated. Instead, the
tetrahydroazepine derivatives 16 were obtained (eq 5, Scheme
IV, Table III). In a similar manner, treatment of 5a of (1-
propynyl)triphenylphosphonium bromide (5b) with 15 in

Scheme 111
+
+
R PFh, Br PPh,
e
N2 )
<l‘—Br N R
H
+ —
. PPh,Br
O —_——
N© °R
Scheme IV

1 + —
Ez iNH + HC==CCH,PPh,Br
2

Rs
15
CH,Cl, /é
PhC=CPPh,Br
5a PPh Br
15 + or | _
CH.C=CPPh Br
5b

17

Ph ;BI‘

U|
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Scheme V

N .
\?{(\Pph@r
15+ 5 — R %}(

PPh, Br

15+2—

— 16

— 17

acetonitrile produced the dihydroazepine derivatives 17 (eq
6, Scheme IV, Table III).

The unique ability to form the dihydroazepine ring where
the triphenylphosphonium moiety 8 to the amino group is
placed on the ring 2 position (17) or on an exocyclic methylene
position at the ring 1 position (16) is due to the nature of the
intermediate unsaturated phosphonium salt formed prior to
the hetero-Cope rearrangement. The reaction of 15 and 2
undoubtedly proceeds by a mechanism similar to that in
Scheme II, but the intermediate corresponding to 3’ undergoes
a hetero-Cope rearrangement?? to give 16 (Scheme V) instead
of becoming conjugated. The addition of 15 to 5 occurs in the
same manner as the addition of aziridines to other activated
alkynes, 12213 foliowed by the hetero-Cope rearrangement. The
facility of these processes should make them appealing as a
ready synthesis of the azepine ring system; such syntheses are
scarce in the literature 22b

The 1H NMR spectra of compounds 16 exhibit a resonance
for the vinyl proton next to phosphorus considerably de-
shielded (5 5.30-5.47) from the corresponding shifts of com-
pounds 7-10 (5 3.68-4.05).4i The carbon next to phosphorus
in these compounds, on the other hand, gives a 13C chemical
shift in good agreement with those of 7-10.4i The reasons for
the anomalous 'H shifts are not clear; however, a similar
chemical shift difference may be noted in the 1H NMR spectra
of methylidenecycloheptane!® or 2-methylpropene?° vs, 5-
methylidenecycloheptene?! (below).

H H e H
}'I HhiT

H 65,72

H.C CH,

The 13C NMR spectra of 16 and 17 are given in Table II.
Additional evidence for the structure of 16a was provided by
an off-resonance decoupling experiment carried out with its
'H NMR spectrum. Irradiation of the broad 1-H multiplet at
8 ~4.6 changed the exchangeable proton at 6 9.80 (NH) from
a broad doublet to a singlet and the doublet at § 1.38 (over-
lapping with the singlet at 6 1.27) to a singlet.

Alkylation of 14, 16, and 17. The alkylation of salt 14a by
benzyl bromide in sodium hydride-dimethyl sulfoxide (eq 7)

+ - + _
PPh;;Br PPhJBI‘
NaH-Me,SO
i. PhCH,Br [—i (7
I?' CH, 2 N CH,
|
H CH.Ph
14a 18
PPh.Br PPh, Br
R \ NaOEt“ R V. 5
R HOE® N :
R"X R’
H -R//
14/

—PPh, . \

J. Org. Chem., Vol. 43, No. 21, 1978 4211

occurred, as predicted by previous work (eq 8),% to give N-
alkylated product 18. Thus, both the 2-pyrrolinyl- and 2-
pyrazolinylphosphonium ylides alkylate on nitrogen. When
R or R’ is a hydrogen, however, 14’ eliminates triphenyl-
phosphine to produce pyrazoles (eq 9); no alkylation products

+ -~
PPh3BI‘

H
+ —
N’ N
H
2

H |
H —_
B
14”

=

H

were reported.4 Compound 14a, on the other hand, is ap-
parently more stable to basic conditions. A reasonable ratio-
nale for this difference may be found in the mechanism sug-
gested by eq 9. The polarization of the C==N bond in 14"

H
P
H PPh;gBr
N’ CH,
H
147"
counterbalances the electronegativity of the phosphonium
moiety, thus reducing the acidity of the protons on the 5 po-
sition, whereas this effect is not present in 14’ and the vinyl-
ogous 3 elimination is relatively easy to accomplish.
Reaction of compound 16b with m-chlorobenzyl bromide
in sodium hydride-dimethyl sulfoxide produced compound
19 (eq 10), while reaction of its isomer, compound 17a, under
the same conditions produced compound 20 (eq 11). The
former reaction has provided the first instance in this labo-

. -
PPh,Br ;’Ph&ér
HN NaH-Me,SO  (f
—_—_——
HC — m-CIPhCH,Br H,C 1o
Ph Ph
16b 19
CH,
_ PPh Br pph@r
HN"C NaH-Me,s0 \©/\
HC —/  m-CIPhCH,Br (11)
Ph Ph
17a 20

ratory of C alkylation of a 8-aminovinylphosphonium salt. It
seems likely that the decreased steric hindrance of the carbon
next to phosphorus in 16 vs. the same carbon in 14a, 14/, or 17
might account for this difference in reactivity.

The 13C NMR spectra of 19 and 20 are reported in Table
II. Since no 13C spectra of $-aminovinylphosphonium salts
with an « substituent have previously been reported, support
for the assigned structures of 19 and 20 was sought by com-
parison of their 13C NMR spectra with spectra of similar
compounds in this work. The 13C spectra of five other such
compounds are also presented in Table IL. A preliminary in-
spection of this table shows that the 13C-3!P coupling constant
for C-2 of the a-substituted compounds is larger than the same
coupling constant for compounds without an « substituent



4212 J. Org. Chem., Vol. 43, No. 21, 1978

by 4.5-12.2 Hz. Thus, the J(13C-31P) of 19.5 Hz for 19 vs. 12.2
Hz for its precursor 16b supports the assigned structure for
19. Also, from Table II one may note that the chemical shifts
for C-1 without a substituent range from 54.1 to 59.3 ppm,
whereas with a substituent on C-1 they range from 61.8 to 69.7
ppm. Thus, the 13C chemical shift of C-1 in these compounds
is displaced an average of 10 ppm to lower field by adding an
o substituent. Hence, the value of 69.4 ppm for C-1 in 19
provides additional support for the assigned structure.
Wittig Reactions of 14 and 16. Lastly, the use of these
phosphonium salts as Wittig reagents was investigated.
Treatment of an ethanolic solution of 14a and m-nitroben-
zaldehyde with sodium ethoxide in ethanol produced the
pyrroline derivative 21a (eq 12). Although a similar procedure

. _ Ar
PPh,Br )
—————rr
II\I ~CH, base N/ CH,
H 21a, Ar = m-NO,C,H,; 84%
14a b, Ar = 0-(HO)C,H,; 25%

Ar =m-NO,C.H,, base = NaOEt~HOEt;
Ar = 0-(HO)C H,, base = NaH~Me,SO

was unsuccessful for the reaction of 14a and salicylaldehyde,
the desired pyrroline, 21b, was obtained by the use of sodium
hydride-dimethyl sulfoxide (eq 12).

The structures of 21 were supported by their '1H NMR
spectra, EI mass spectra, and analytical data. Additionally,
an off-resonance decoupling TH NMR experiment was per-
formed with 21a. The 1H NMR spectrum of this compound
exhibits both allylic coupling between the benzylidene proton
and the 4 position hydrogens (J ~ 3 Hz) and homoallylic
coupling between the methyl group and the 5 position hy-
drogens (J ~ 1.5 Hz). Irradiation of the complex multiplet at
6 ~4.3 (5 position CHz) changes the resonance at é 2.33 (CHs)
from a triplet to a singlet and converts the triplet of doublets
at 6 3.02 (4 position CHy) to a doublet. Irradiation of the res-
onance at 6 3.02 changes the triplet at ¢ 7.05 (vinyl H) to a
singlet, and, finally, irradiation of the & 2.33 resonance changes
the 6 ~4.3 multiplet to a triplet (J =~ 5.7 Hz).

Again, for reasons similar to those illustrated in eq 9, the
resulting pyrrolines, 21, are stable to the basic reaction con-
ditions, whereas the analogous pyrazolines undergo a base-
catalyzed rearrangement to pyrazoles.4¢

In a similar reaction, treatment of an ethanolic solution of
azepine 16a and m-nitrobenzaldehyde with sodium ethoxide
in ethanol produced compound 22 (eq 13), isolated as a hy-
drochloride salt.

NO,
+ - _
PPh,Br cl
(1) m-NO,CH,CHO, H\N/
NaQOEt—HOES +
HC (2) HCL, H,0 — (13)
H,C
Ph CH,, Ph CH;,
16a 22

We have demonstrated in this paper that heterocycles
bearing phosphorus-containing substituents, namely com-
pounds 14, 16, and 17, may be prepared via the synthesis and
rearrangement of [2-(aziridin-1-yl)alkenyl]triphenylphos-
phonium bromides. These heterocycles may be alkylated or
used in a Wittig olefin synthesis.

Calcagno and Schweizer

Experimental Section

Carbon-13 spectra were obtained on a Bruker HFX-90 spectrom-
eter equipped for Fourier transform pulsed NMR with a Nicolet 1085
data system. The 13C data were taken at an operating frequency of
22.63 MHz. The 13C chemical shifts are reported as referenced to
Me,Si. All samples were run in approximately 0.05 M solutions of
CDCI; at 32 °C with broad band 'H decoupling (except compounds
3a, 4a, and 4b, which were run at approximately —10, =5, and 0 °C,
respectively). The proton spectra were obtained on either a Perkin-
Elmer R-12 or a Varian A-60A spectrometer and were referenced to
Me,Si. Concentrations used for the proton spectra were similar to
those used for the 13C spectra. The 'H spectra of compound 3a was
taken at —10 °C; all others were taken at normal probe temperatures
(~30-40 °C). Infrared spectra were recorded on either a Perkin-Elmer
337 or a Unicam SP1100 spectrometer. FD, CI, and EI mass spectra
were all obtained on a duPont CEC 21-110B modified for the re-
spective methods. Melting points were taken with a Mel-Temp ap-
paratus and are uncorrected. Elemental analyses were obtained from
Micro Analysis, Inc., Wilmington, Del., Chemalytics, Inc., Tempe,
Ariz., and Schwarzkopf Microanalytical Laboratory, Woodside,
N.Y.

Aziridines 1b and ¢ were prepared by the method of Hassner et al.23
and purified by distillation. Aziridines 15 were prepared by the
method of Chaabouni et al.24 and purified by column chromatography
(silica gel; petroleum ether (30-60 °C)/ether = 4.1). Aziridines la and
d were graciously donated to this laboratory by Dr. Harold W.
Heine. The (2-propynyl)triphenylphosphonium bromide (2)4
(1-propynyl)triphenylphosphonium bromide (5b),*f and (phenyl-
ethynyl)triphenylphosphonium bromide (5a)%5 were prepared as
previously described. All other reagents and solvents were obtained
from either Aldrich Chemical. Co., Eastman Organic Chemical Co.,
or Fisher Scientific Co. m-Nitrobenzaldehyde (Eastman) was re-
crystallized from ethanol, and aniline (Fisher) was distilled before
use. Acetonitrile, dimethyl sulfoxide, and chloroform were purified
as described in the literature.26

[2-(Aziridin-1-yl)-2-propenyl]triphenylphosphonium Bro-
mides (3; eq 1), [2-(Aziridin-1-yl)-1-propenyl]triphenylphos-
phonium Bromides [4; eq 1 (ii)], and [2-(Aziridin-1-y])-2-phen-
ylethenyl]triphenylphosphonium Bromide (6). The following
general procedure was used for the preparation of 3, 4, and 6. While
stirring a slurry of 2 or 5a in methylene chloride (20 mL/g of 2 or 5a)
at the temperature given in Table I, the appropriate aziridine 1 (1.01
mol/mol of 2 or 5a) in methylene chloride (20 mL/g of 1) was added
over the time given in Table 1. In the preparation of 3 or 6, the mixture
was stirred for an additional 5 min and then poured into anhydrous
ethyl ether (70 mL/g of 2 or 5a). For the preparation of 4, the mixture
was warmed briefly to the temperature given in Table I [eq 1 (ii)] and
then poured into anhydrous ethyl ether. After stirring vigorously for
several minutes, the precipitate was filtered and dried in a vacuum
oven (2-3 mm, 40 °C). In addition to the 3C NMR data for 3a, 4a, and
4b given in Table IT and melting point and yield data in Table I, the
following data were collected.

[2-(Aziridin-1-yl)-2-propenyl]triphenylphosphonium Bro-
mide (3a): IR (KBr) 3050, 2990, 2870, 2840 (CH), 1630 (C=C), 1580
(phenyl), 1110 (CP), 750, 720, 690 (phenyl) cm~1; 1H NMR (CDCly
at —10 °C) 6 1.4-2.1 (m, 4, CHxCH5), 4.3-5.0 (m, 4, CH3P and HyC=),
7.4-8.2 (m, 15, C¢Hj); CIMS (isopentane) m/e (relative intensity) 344
(45.76, M),

Anal. Calcd for CosHoaBrNP (424.309): C, 65.10; H, 5.46. Found:
C, 64.96; H, 5.44.

[2-(7-Azabicyclo[4.1.0]Thept-7-yl)-2-propenyl]triphenylphos-
phonium Bromide (3b): IR (KBr) 3050, 2980, 2930, 2850 (CH), 1620
(C=C), 1110 (CP), 750, 710, 690 (phenyl) cm~!; CIMS (isopentane)
m/e (relative intensity) 398 (100, M*).

[2-(2-Benzoyl-3-(p-nitrophenyl)aziridin-1-yl)-2-propenyl]-
triphenylphosphonium Bromide (3d): IR (KBr) 1670 (C==0), 1620
(C=C), 1520, 1350 {NO,), 1110 (CP), 750, 720, 690 (phenyl) cm~1; 'H
NMR (CDCl3) §3.25(d, 1, CH, Jyy ~ 2 Hz),3.5C (d, 1, CH, Jygp =~
2 Hz), ~4.5 (brd d, 2, CHsP, Jpy =~ 20 Hz),4.92 (d, 1,=CH, Jyy =~
7 Hz), 5.12 (d, 1,=CH, Jun =~ 7 Hz), 6.8-8.0 (m, 24, aromatic H’s);
FDMS m/e (relative intensity) 569 (79, M*), 647 (9.4, M* 7° Br~ —
1), 649 (17, M* 8. Br~ — 1); CIMS (isopentane) m/e 569 (6.14, M),
279 [100, (PhsPO + 1)].

[2-(Aziridin-1-yl)-1-propenyl]triphenylphosphonium Bro-
mide (4a): IR (KBr) 3050, 3000 (CH), 1580 (phenyl), 1560 {C=C),
1110 (CP), 765, 750, 730, 720, 695 (phenyl) cm~!; TH NMR (CDCl3)
51.87 (s, 3, CHy), 2.55 (s, 4, CH;CHy), 5.31 (d, 1,=C(H)P, Jpy =~ 16
Hz), 7.4-8.0 (m, 15, C¢H;); CIMS (isopentane) m/e (relative intensity)
344 (4.19, MH).

[2-(7-Azabicyclo[4.1.0]hept-7-yl)-1-propenyljtriphenylphos-
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phonium Bromide 4b: IR (KBr) 1550 (C=C), 1110 (CP), 750, 720,
690 (phenyl) cm~1; TH NMR (CDCl3) 6 1.0-1.5 (m, 4, -CH;CHy-), 1.80
(s, 3,CHgz), 1.7-2.1 (m, 4, -CH,CCCHs-), 3.00 (m, 2, -CHCH-), 5.18
(d, 1,=C(H)P, Jpy =~ 16 Hz), 7.5-8.0 (m, 15, CgH;); CIMS (isopen-
tane) m/e (relative intensity) 398 (40.56, M*).

[2-(2-Phenylaziridin-1-yl)-1-propenyl]triphenylphosphonium
Bromide 4c: IR (KBr) 3050, 2900, 2870 (CH), 1570 (C==C), 1108 (CP),
860, 750, 740, 710, 690 (phenyl) cm~1; TH NMR (CDCl3) § 1.89 (d, 3,
CHj, Jpy =~ 1.2 Hz), 2.58 (d, 1, H trans to H, Jrans =~ 4 Hz), 3.32 (d,
1, Hcis to H, J s =~ 7 Hz), 4.08 (dd, 1, C(H)Ph, J; =~ 7 Hz, J5 & 4 Hz),
5.41(d, 1,=C(H)P, Jpy =~ 16.8 Hz), 7.1-7.5 (m, 5, Ph on ring), 7.5-8.1
(m, 15, PPhjy); CIMS (isopentane) m/e (relative intensity) 420 (28.29,
MH).

Anal. Caled for CogH27BrNP (500.409): C, 69.60; H, 5.44. Found:
C, 69.35; H, 5.57.

[2-(Aziridin-1-y1)-2-phenylethenyl]triphenylphosphonium
Bromide (6): 85%; mp 118-124 °C; IR (KBr) 3050, 3040, 2970 (CH),
1580 (phenyl), 1550 (C=C), 1110 (CP), 765, 753, 740, 730, 720, 705,
685 (phenyl) ecm~1; 1H NMR (CDCl;) 6 2.65 (s, 4, CH;CH,), 6.13 (d,
[,=C(H)P, Jpy ~ 14 Hz), 7.20 (s, 5, PhC=), 7.5-8.2 (m, 15, PPhj);
CIMS (isopentane) m/e (relative intensity) 406 (26.01, M*).

4a and 4b via Equation 1 (i). The corresponding phosphonium
salt (3a or 3b) was dissolved in the appropriate solvent (0.236
mmol/mL) and then heated to the temperature and for the time
prescribed in Table I. The solution was then added to anhydrous ethyl
ether (500 mL/g of phosphonium salt) with vigorous stirring. Filtra-
tion and vacuum drying (2-3 mm, 40 °C) provided materials whose
spectral data agreed favorably with 4a and 4b as prepared above. Due
to the highly hygroscopic nature of 4b produced by this process, an
accurate determination of the percent yield could not be made.

[2-(Alkylamino)-1-propenyl]triphenylphosphonium Bromides
(7-10). Compounds 7 and 8 were prepared by a procedure similar to
that employed in the preparation of 3a, with the exception that the
addition was carried out at room temperature or slightly below. Yields
and infrared data are as follows (NMR data are reported else-
where). 4

[2-(Azetidin-1-yl)-1-propenyl]triphenylphosphonium Bromide
(7): yield 95%; mp 232-238 °C (from CHsCly-EtOAc); IR (Nujol
mull) 1540 (C=C), 1100 (CP), 750, 720, 685 (phenyl) cm~1; FDMS
m/e (relative intensity) 358 (100, M*); CIMS (isopentane) m/e 358
(100, M™).

[2-(Piperidin-1-yl)-1-propenyl]triphenylphosphonium Bro-
mide (8): yield 94%; mp 233-239 °C (from CH3Cl-EtOAc); IR (Nujol
mull) 1540 (C==C), 1100 (CP), 750, 745, 715, 690 (phenyl) cm~1;
FDMS m/e (relative intensity) 386 (100, M*); CIMS (isopentane) 386
(92.13, M™*).

Compounds 9 and 10 were prepared by the following general pro-
cedure. An aqueous solution of greater than 2 M excess of the amine
hydrochloride was made strongly basic with sodium hydroxide. This
solution was extracted several times with methylene chloride, and the
extracts were dried over anhydrous MgSO,4 and then added to a slurry
of 2 in methylene chloride in the same manner as for the preparation
of 7 and 8. Addition to anhydrous ethyl ether, filtration, and vacuum
drying provided the following yields (NMR data are reported else-
where) 4

[2-(N,N-Dimethylamino)-1-propenyljtriphenylphosphonium
Bromide (9): yield 82%; mp 208-214 °C (from CH5Cly-EtOAc); IR
{Nujol mull) 1560 (C=C), 1100 (CP), 760, 745, 715, 690 (phenyl) cm™;
CIMS (isopentane) m/e (relative intensity) 346 (100, M*).

Anal. Caled for Co3HosBrNP (426.329): C, 64.79; H, 5.91. Found:
C, 64.89; H, 5.75.

[2-(N-Methylamino)-1-propenyl]triphenylphosphonium
Bromide (10): yield 95.6%; mp 270-276 °C (from CH,Clo-EtOAc);
IR (Nujol mull) 1660 (C==C), 1110 (CP), 750, 720, 690 (phenyl) em~1;
FDMS m/e (relative intensity) 332 (100, M*).

Alkylation of Aniline with 3 or 4. A mixture of 3a, 4a, or 3b and
aniline (molar ratio ~1:25) was stirred magnetically and heated to 70
°C for 15 h. Addition of the resulting red solution to anhydrous ethyl
ether (260 mL/mmo! of phosphonium salt) with vigorous stirring
produced the following respective products.

[2-(2-Anilinoethylamino)-1-propenyl]triphenylphosphonium
Bromide (13a): vield 96%; mp 204-214 °C (CHsCls-heptane); IR
(Nujol mull) 3200 (NH), 1600 (phenyl), 15630 (C==C), 1500 (phenyl),
1100 (CP), 760, 750, 740, 715, 685 (phenyl) cm~!; 1H NMR (CDCls)
5 1.87 (s, 3, CH3), 3.1-3.& {(m, 4, CH,CH,), 3.84 (d, 1,=C(H)P, Jpy
=~ 14 Hz), 5.75 (brd s, 1, NHPh, exchanges quickly with D;0), 6.4-7.3
(m, 5, PhN), 7.3-7.9 (m, 15, PPh3), 8.64 (brd s, 1, NHC==, exchanges
slowly with D;0).

Anal. Caled for CogHacBrNgP (517.441): C, 67.31; H, 5.84. Found:
(. 687.50; H, 5.54.
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[2-(2-Anilinocyclohexylamino)-1-propenyl]triphenylphos-
phonium Bromide (13b): yield 95%; mp 254-261 °C (CH.Cls-
EtOAc); IR (Nujol mull) 3200 (NH), 1590 (phenyl), 1540 (C=C), 1100
(CP), 755, 740, 715, 685 (phenyl) em~1; 'H NMR (CDCl;) 6 1.1-2.3
(m, 8, cyclohexyl ring), 1.68 (s, 3, CHj), 3.3-3.9 (m, 2, CHCH), 4.09
(d, ], =C(H)P, Jpy =~ 15 Hz), 6.5-7.2 (m, 5, PhN), 7.2-7.9 (m, 15,
PPhs), 8.4 (brd s, 1, NHC=); FDMS m/e (relative intensity) 491 (100,
M),

Anal. Caled for C33H3sBrNoP (571.53): C, 69.35; H, 6.35. Found:
C, 69.86; H, 6.55,

(2-Methyl-2-pyrrolin-3-yl)triphenylphosphonium Bromide
(14a). A round-bottom flask fitted with a reflux condenser was
charged with 3.00 g (7.08 mmol) of 3a or 4a, approximately 0.4 mL of
pyridine, and 100 mL of acetonitrile. The mixture was refluxed for
24 h, after which time 300 mL of anhydrous ethyl ether was added.
The resulting suspension was stirred vigorously (magnetic) for 15 min
and then filtered. The filtrate was poured into 1500 mL of anhydrous
ethyl ether. After stirring for 15 min, the mixture was filtered; the
filter cake and gummy yellow residue left in the flask were dissolved
in 100 mL of methylene chloride. Slow addition of this solution to 1500
mL of anhydrous ethyl ether (with vigorous stirring) produced 1.95
g (65%) of a yellow-white powder which was immediately placed in
a vacuum oven (40 °C, 2-3 mm): mp 80-110 °C; IR (KBr) 3150 (H-
bonded NH), 2850 (CH), 1550 (C=C), 1110 (CP), 760, 720, 690
(phenyl) cm™1; 1TH NMR (CDCl3) 6 1.73 (brd s, 3, CHjy), 2.67 (brd t,
2, CH; at 4 position, Jyy =~ 10 Hz), 3.85 (brd t, 2, CH; at 5 position,
Juy =~ 10 Hz), 7.5-8.1 (m, 15, C¢H3), 8.53 (brd s, 1, NH, DyO ex-
changeable); FDMS m/e (relative intensity) 344 (100, M*); CIMS
(isopentane) m/e 344 (100, M+).

(2-Phenyl-2-pyrrolin-3-yl)triphenylphosphonium Bromide
(14b). In a round-bottom flask fitted with a reflux condenser was
placed 1.00 g (2.06 mmol) of 6, 5 drops of pyridine, and 50 mL of ac-
etonitrile. The mixture was refluxed for approximately 15 h and then
cooled and added slowly to 900 mL of anhydrous ethyl ether. The
white precipitate which was filtered off, after vacuum oven drying,
weighed 0.89 g (89%), mp 212-217 °C dec. After five recrystallizations
from methylene chloride-ethyl acetate, the product melted at 234-236
°C: IR (KBr) 3150 (H-bonded NH), 2930, 2850 (CH), 1580 (phenyl),
1550 (C==C), 1110 (CP), 770, 750, 720, 695 (p,enyl) cm~!; 1H NMR
{CDCl3) 6 2.85 (brd t, 2, CH; at 4 position, Jgu =~ 11 Hz), 4.10 (brd
t, 2, CH; at 5 position, Jyy =~ 11 Hz), 6.8-7.5 (m, 5, Ph), 7.5-8.4 (m,
16, PPh3 and NH); FDMS m/e (relative intensity) 406 (100, Mt).

Anal. Calcd for CogHosBrNP (486.390): C, 69.14; H, 5.18. Found:
C,68.99; H, 5.76.

Preparation of 16. To a slurry of 2 in methylene chloride (12.5
mL/g of 2), kept at 0 °C, was added the appropriate 2-vinylaziridine
15 (1.01 mol/mol of 2) in methylene chloride (12.5 mL/g of 2) over the
period of time specified in Table III. The mixture was allowed to warm
to room temperature and was then poured into anhydrous ethyl ether
(250 mL/g of 2) with vigorous stirring. Filtration and vacuum drying
(2-3 mm, 40 °C) provided the crude products listed below, which were
recrystallized from methylene chloride-ethyl acetate. 13C NMR data
are listed in Table II; percent yield and melting point data are listed
in Table III.

[(5,7-Dimethyl-6-phenyl-2 H-1,3,4,7-tetrahydroazepin-2-yli-
dene)methyl]triphenylphosphonium Bromide (16a): IR (KBr)
3170 (NH), 3070, 3050, 3020, 2960, 2890 (CH), 1580 (C=CH), 1101
(CP), 763, 750, 713, 700, 690 (phenyl) cm~1; 'H NMR (CDCl3) § 1.27
(s, 3,=CCH3y), 1.38 (d, 3, CH3, Jyu = 7.2 Hz), 1.6-2.0 (m, 2, CHy),
2.3-2.7 (m, 2, CHy) 4.3-4.9 (brd m, 1, HCN), 5.44 (d, 1,=C(H)P, Jpy
~ 16.8 Hz), 7.0-8.1 (m, 20, C¢H5), 9.80 (brd d, 1, NH, Jyy ~ 7.2 Hz);
CIMS (isopentane) m/e (relative intensity) 474 (100, M*).

Anal. Caled for C33H33BrNP (554.515): C, 71.48; H, 6.00. Found:
C, 71.65; H, 5.93.

[(6-Phenyl-7-methyl-2 H-1,3,4,7-tetrahydroazepin-2-yli-
dene)methyl]ltriphenylphosphonium Bromide (16b): IR (KBr)
3230, 3140 (NH), 1640 (C=C), 1600 (C=CN), 1110 (CP), 785, 765,
750, 734, 721, 715, 695, 690 (phenyl) cm~1; H NMR (CDCls) 6 1.44 (d,
3, CHj, Jyy ~ 7 Hz), 1.6-2.9 {m, 4, CH,CHy), 4.6-5.0 (m, 1, CHN),
5.30(d, 1,==C(H)P, Jpy =~ 16.2 Hz), 5.49 (t, 1,=C(H)C, Jyu =~ 5 Hz),
7.25 (s, b, CgHs), 7.4-8.1 (m, 15, P(CgH5)3), 9.70 (brd d, 1, NH, Jyy
=~ 6 Hz); FDMS m/e (relative intensity) 460 (100, M*).

Anal. Caled for C3oH3,BrNP (540.489): C, 71.11; H, 5.78. Found:
C,71.29; H, 6.04.

f(1H-2,3,4,6,7,8,9,9a-Octahydro-1-benzazepin-2-ylidene)-
methyl]triphenylphosphonium Bromide (16¢): IR (KBr) 3220
(NH), 1595 (NC==C), 1105 (CP), 750, 715, 690 (phenyl) cm~1; TH
NMR (CDCl3) 6 1.0-3.0 (m, 12, alkyl H’s), 3.85—4.35 (m, 1, CHN), ~5.3
(munder =C(H)P, 1,=C(H)C), 547 (d, 1,=C(H)P, Jpy =~ 17 Hz),
7.5-8.2 {m, 15, CgHs), ~9 (brd d 1, NH); FDMS m/e (relative inten-
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sity) 424 (100, M™).

Preparation of 17. A mixture of 5, the appropriate vinylaziridine
15 (1.05 mol/mol of 5), and acetonitrile (15 mL/g of 5) was refluxed
for the time specified in Table III. After cooling, the mixture was
added to anhydrous ethyl ether (250 mL/g of 5) with stirring. Filtra-
tion and vacuum drying (2-3 mm, 40 °C) provided the crude products
listed below, which were recrystallized from methylene chloride-ethyl
acetate. 13C NMR data are listed in Table II; percent yield and melting
point data are listed in Table III.

(2,7-Dimethyl-3-phenyl-1 H-2,5-dihydroazepin-6-yl)triphen-
ylphosphonium Bromide (17a): IR (KBr) 3220 (NH), 1615 (C=C),
1555 (NC=C), 1101 (CP), 765, 756, 750, 715, 690 (phenyl) cm~1; 1H
NMR (CDCl3) 6 1.84 (d, 3, CHg, Juy =~ 7.2 Hz), 1.81 (s, 3, =CCHy),
2.2-3.2 (m, 2, CHy), 4.8-5.2 (m, 1, CHN), 5.85 (t, 1,=C(H)C, Jyy =~
8.4 Hz), 7.1-8.0 (m, 20, CgHs), 8.86 (dd, 1, NH, J; =~ 6 Hz, J; ~ 5 Hz);
FDMS m/e (relative intensity) 460 (100, M¥).

Anal. Caled for C3H3BrNP-H,0 (558.497): C, 68.82; H, 5.96.
Found: C, 69.44; H, 5.98.

(2,4-Dimethyl-3,7-diphenyl-1 H-2,5-dihydroazepin-6-yl)tri-
phenylphosphonium Bromide (17b): IR (KBr) 3350, 3230 (NH),
3060, 2990, 2840 (CH), 1630 (C=C), 1540, 1510 (NC=C), 1101 (CP),
787,759, 710, 695 (phenyl) cm~1; 1TH NMR (CDCl3) é 1.14 (d, 3, CH3,
Jun =~ 5.4 Hz), 1.58 (s, 3, CH3), 2.0-2.9 (m, 2, CHy), 5.4-5.8 (m, 1,
CHN), 6.9-8.5 (m, 26, CgHs's and NH).

Anal. Caled for C3sH3zsBrNP (615.579): C, 74.02; H, 5.72. Found:
C, 74.14; H, 5.60.

(2-Methyl-3,7-diphenyl-1 H-2,5-dihydroazepin-6-yl)triphen-
ylphosphonium Bromide (17¢): IR (KBr) 3200 (NH), 3060, 3000,
2940, 2890 (CH), 1630 (C=C), 1525 (NC=C), 1105 (CP), 760, 720, 710,
695 (phenyl) cm~1; TH NMR (CDCly) 6 1.61 (d, 3, CHs, Juu = 6.6 Hz),
3.15 (dd, 2, CHy, Jpy =~ 12 Hz, Juu ~ 7.8 Hz), 5.1-5.6 (m, 1, CHN),
6.02 (t, 1,=C(H)C, Juu ~ 7.8 Hz), 6.5-8.2 (m, 26, C¢H;’s and NH);
FDMS m/e (relative intensity) 522 (100, M),

Alkylation of 14, 16, and 17. To a solution of 14, 16, or 17 in di-
methyl sulfoxide (~0.3 M) under dry nitrogen was added an equimolar
amount of sodium hydride (as a 57% mineral oil dispersion). The
mixture was stirred for 1 h before adding the appropriate alkylating
agent (~3 mol/mol of phosphonium salt). After stirring overnight, the
mixture was added to anhydrous ethyl ether (75 mL/mL of MesSO)
with stirring. A gummy precipitate formed, from which the ethereal
supernatant was decanted. The residue was triturated with a few
milliliters of methylene chloride and filtered into anhydrous ethyl
ether (~50 mL/mL of CHyCly) with vigorous stirring. Filtration
provided the crude product.

Purification of 18 was effected in the following manner. The crude
product was dissolved in methylene chloride (~10 mL/g of phos-
phonium sait) and then added with stirring to ethyl acetate (~500
mL/g). The mixture was filtered, and the filtrate was poured into
anhydrous ethyl ether (~1500 mL/g) with stirring. The purified
product was filtered.

Purification of 19 or 20 was effected in the following manner. The
crude product was dissolved in excess methylene chloride (n mL) and
added to ethyl acetate (n mL). The methylene chloride was removed
by boiling until a slight cloudiness appeared. The mixture was allowed
to cool, and the supernatant liquid was poured into anhydrous ethyl
ether (2n mL). Purification provided purified phosphonium salt. 13C
NMR data of 19 and 20 are reported in Table II. Other data are as
follows.

(1-Benzyl-2-methyl-2-pyrrolin-3-yl)triphenylphosphonium
Bromide (18): yield 67 (crude) and 35% (purified); mp 188-204 °C;
IR (KBr) 3060 ( CH), 1590 (phenyl), 1545 (C=C), 1110 ( CP), 760, 720,
695 (phenyl) cm~!; TH NMR (CDCl3) 6 1.75 (s, 3, CH3), 2.58 (brd t,
2, CH; at 4 position, Jyy =~ 10 Hz), 3.75 (brd t, 2, CH; at 5 position,
Juu =~ 10 Hz), 4.62 (brd s, 2, NCH,Ph), 7.40 (s, 5, CgH5), 7.0-8.2 (m,
15, P(CgHj5)3); CIMS (isopentane) m/e (relative intensity) 434 (54.71,
M+).

[(m-Chlorobenzyl)-(6-phenyl-7-methyl-2H-1,3,4,7-tetrahy-
droazepin-2-ylidene)methyl]triphenylphosphonium Bromide
(19): yield 64% (crude); mp 140-155 °C dec (purified); IR (KBr) 3200
(NH), 1625 ( C==C), 1570 (NC==C), 1101 (CP), 757, 720, 692 (pheny!)
cm™!; TH NMR (CDCls) 6 1.51 (d, 3, CH3, Juy ~ 7.8 Hz), 1.4-2.1 (m,
2, CHsy), 2.4-3.0 (m, 2, CHg), 3.96 (d, 2, CH2Ar, Jpy =~ 20.4 Hz), 5.1-5.7
{m, 2, =C(H)C and CHN), 6.7-8.3 (m, 24, aromatic H’s), 8.65 (brd
d, 1, NH, Jgu = 6 Hz); FDMS m/e (relative intensity) 584 (100, M+
from 35Cl), 586 (61, M+ from 37Cl).

Anal. Caled for CagHzgBrCINP-H,O (683.066): C, 68.58; H, 5.60.
Found: C, 68.49; H, 5.48.

{(1-(m-Chlorobenzyl)-2,7-dimethyl-3-phenyl-1 H-2,5-dihy-
droazepin-6-ylltriphenylphosphonium Bromide (20): yield 59%
(crude); mp 140-160 °C dec (purified); IR (KBr) 3060, 3040, 2940
(CH), 1620 (C=C). 1600 (phenyl), 1530 (NC=C). 1101 (CP), 750, 715,
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695 (phenyl) cm~}; *H NMR (CDCly) 6 1.21 (d, 3, CHj, Juy 2 5.4 Hz),
1.5-2.2 (m, 2, CHy), 2.11 (s, 3, CH3), 3.8 (brd s, 2, CHjAr), 4.8-5.2 (m,
1, CHN), 5.5-6.0 (m, 1, =C(H)C), 6.8-8.4 (m, 24, aromatic H's).

Anal. Caled for C33H3sBrCINP-H,0 (683.066): C, 68.58; H, 5.60.
Found: C, 68.64; H, 5.40.

2-Methyl-3-(m-nitrobenzylidene)-1-pyrroline (2la). In a
round-bottom flask fitted with a reflux condenser and an addition
funnel was placed 1.00 g (2.36 mmol) of 14a, 0.45 g (2.98 mmol) of
m-nitrobenzaldehyde, and 10 mL of absolute ethanol. While stirring
magnetically, 0.060 g (2.6 mmol) of sodium dissolved in 20 mL of ab-
solute ethanol was added from the addition funnel over a 1-h period.
After stirring at room temperature for 20 h, the volume was reduced
(in vacuo) to approximately 2 mL and 100 mL of ethyl ether added.
The resulting mixture (including the precipitate) was washed twice
with 40 mL of water and then shaken for about 3 min with 50 mL of
10% HCI solution. The aqueous acid layer was washed successively
with 50 mL of ethyl ether and 50 mL of ethy! acetate. The aqueous
layer was basified with 20% sodium hydroxide solution (aqueous), and
the resulting mixture (including the precipitate) was extracted with
two 100-mL portions of ethyl ether. The combined ether extracts were
dried (anhydrous MgSOQy) and filtered, and the ether was removed
in vacuo to provide 0.43 g (84%) of crude product: mp 154-157 °C
(after four recrystallizations from acetone-water); IR (KBr) 3100,
2920, 2850 (CH), 1600, 1590 (C=N, C=C), 1510, 1350 (NOgy) cm~1;
'H NMR (CDCly) 6 2.33 (t, 3, CHa, Jun = 1.5 Hz), 3.02 (td, 2, CHy
at 4 position, tJyy = 5.7 Hz, 9/yy =~ 3 Hz), 4.0-4.5 (m, 2, CHy at 5
position), 7.05 (t, 1, =C(H)Ar, Jyy =~ 3 Hz), 7.7-8.9 (m, 4, CsgH4NOy);
EIMS m/e (relative intensity) 216 (100 M*t).

Anal. Caled for C15H1oN303 (216.24): C, 66.65; H, 5.60, Found: C,
66.41; H, 5.49.

2-Methyl-1-(o-hydroxybenzylidene)-1-pyrroline (21b). So-
dium hydride (57% mineral oil dispersion; 0.10 g, 2.38 mmol) and 14a
(1.00 g, 2.36 mmol) were stirred in 5 mL of dimethyl suifoxide over
nitrogen for 1 h. Salicylaldehyde (0.35 g, 2.87 mmol) was then added
in one portion, and the mixture was stirred for approximately one day.
The dark red solution was then poured into 100 mL of water and
stirred vigorously. The resulting emulsion was extracted thrice with
100 mL of ethyl acetate, the extracts were dried (anhydrous MgSQOy),
and the solvent was removed in vacuo. The residue was dissolved in
a minimum quantity of hot benzene and allowed to cool overnight.
Orange-yellow spines (0.11 g, 25%) were recovered by fiitration after
two recrystallizations from methanol-water: mp 195-198 °C; IR (KBr)
3070 (weak, H-bonded OH), 2940, 2880, 2860 (CH), 2600 (broad, =
N+H), 1600, 1590, 1575 (C=N, C=C, and phenyl), 1251 (C-0), 750
(phenyl) em~1; TH NMR (Me2SO-dg) 6 2.15 (t, 3, CHg, Jun =~ 1.5 Hz),
2.6-3.0 (m, 2, CH; at 4 position), 3.7-4.1 (m, 2, CH; at 5 position),
6.7-7.9 (m, 6, =C(H)Ar, phenolic OH, or 2N*H and aromatic H’s);
EIMS m/e (relative intensity) 187 (10.81, M*), 186 (72.68, M+ —
1).
Anal. Caled for Cy5H13NO (187.241): C, 76.98; H, 7.00. Found: C,
76.72; H, 7.11.

2,4-Dimethyl-3-phenyl-7-[2-(m-nitrophenyl)ethenyl]-2 H-
5,6-dihydroazepinium Chloride (22). A procedure similar to that
used for the preparation of 21a was employed with the following ex-
ceptions. After evaporating the ethanol solution to 1-2 ml. and adding
50 mL of ethyl ether, the resulting mixture was washed twice with 20
mL of water. The ether layer was then placed in an Erlenmeyer flask
with 25 mL of 10% hydrochloric acid, and the mixture was vigorously
stirred for at least 15 min. The thick paste which formed was collected
and triturated with 10 mL of ethanol. Filtration provided 0.10 g of
crude product [29%; from 0.55 g (0.99 mmol) of 16a, 0.03 g (1.33 mmol)
of sodium, and 0.19 g (1.3 mmol) of m-nitrobenzaldehyde]. An ana-
lytical sample was obtained after three recrystallizations from etha-
nol-benzene: mp 210-220 °C dec; IR (KBr) 3040, 2960, 2930, 2860
(CH), 2600 (broad, N*H), 1630 (C=N), 1615 (C==C), 1532, 1352
(NOy), 832, 810, 795, 769, 738, 710 (aromatic) ecm~!; '1H NMR
(CDCl3-CF3CO9H) 6 1.55 (d, 3, CHs, Jun =~ 7 Hz), 1.65 (s, 3, CHy),
2.87 (brd t, 2, CHs, Juyu =~ 5.4 Hz), 3.68 (d, 2, CHy, Jun ~ 5.4 Hz),
5.1-5.7 (m, 1, CHN), 7.08-8.9 (m, 12, aromatic H's, HC=CH, and
N+H).

Anal. Calcd for Co9H23CIN2O5 (382.889): C, 69.01; H, 6.05. Found:
C, 69.14; H, 6.31.

Acknowledgment. We would like to thank Drs. David L.
Dalrymple and Roger Crecely for obtaining and helping to
interpret the 13C NMR data.

Registry No.——1a, 151-56-4; 1b, 286-18-0; 1¢, 1499-00-9; 1d,
51659-22-4; 2, 2091-46-5; 3a, 66966-54-9; 3b, 66966-55-0; 3d, 67011-
18-1; 4a, 66966-56-1; 4b, 66966-57-2; 4¢, 66966-58-3; 5a, 34387-64-9;
5b, 54599-98-3; 6, 66966-69-6, 7, 66966-70-9; &, 66966-71-0; 9,



2-Acetyl-3-phenylnorbornanes

66966-72-1; 10, 66966-73-2; 13a, 66966-74-3; 13b, 66966-75-4; 14a,
66966-59-4; 14b, 66966-60-7; 15a, 66966-76-5; 15b, 60073-28-1; 15¢,
57291-16-4; 16a, 66966-61-8; 16b, 66966-62-9; 16¢, 66966-63-0; 17a,
66966-65-2; 17b, 66966-66-3; 17¢, 66966-67-4; 18, 66966-77-6; 19,
66966-64-1; 20, 66966-68-5; 21a, 66966-78-7; 21b, 66966-79-8; 22,
66966-80-1; azetidine, 503-29-7; piperidine, 110-89-4; dimethylamine
HCl, 508-59-2; methylamine HCI, 593-51-1; aniline, 62-53-3; m-ni-
trobenzaldehyde, 99-61-6; salicylaldehyde, 90-02-8.

References and Notes
(1) Taken from the Ph.D. Thesis of M.A.C., University of Delaware, Del.,
1978.

(2) D. Redmore, Chem. Rev., 71, 315 (1971).

(3) E. Zbiral, Synthesis, 775 (1974).

(4) (a) E. E. Schweizer, Choong Sup Kim, C. S. Labaw, and W. P. Murray, J.
Chem. Soc., Chem. Commun., 7 (1973); {b) E. E. Schweizer and C. S.
Labaw, J. Org. Chem., 38, 3069 (1973); (c) E. E. Schweizer and Choong
Sup Kim, ibid., 38, 4033 (1971); (d) ibid., 36, 4041 (1971); (e) E. E.
Schweizer, Choong Sup Kim, and R. A. Jones, Chem. Comrmun., 39 (1970);
(f) E. E. Schweizer, S. D. Goff, and W. P. Murray, J. Org. Chem., 42, 200
(1977); (g) E. E. Schweizer, unpublished results; (h) T. A. Albright, S. V.
DeVoe, W. J. Freeman, and E. E. Schweizer, J. Org. Chem., 40, 1650
(1975); () E. E. Schweizer and M. A. Calcagno, /b/d., 42, 2641 (1977).

(5) G. W. Wood, J. J. Mcintosh, and Pui-YanLau, J. Org. Chem., 40, 636
(1975).

(6) M. A. Baldwin and F. W. McLafferty, Org. Mass Spectrom., 7, 1353
(1973).

(7) B. Munson and C. Hanson, private communication.

(8) J.-Y. Merour, Nguyen Thanh Thuong, P. Chabrier, and M. H. Normant, C.
R. Hebd. Seances Acad. Sci., Ser. C, 280, 473 (1975),

(9) H. W, Whitlock, Jr., and G. L. Smith, J. Am. Chem. Soc., 89, 3600
(1967).

(10) D. A. Archer and B. W. Singer, J. Chem. Soc., Perkin Trans. 1, 2484
(1976).

(11) A. Kunar, H. lla, U. Junjappa, and S. Mhatre, J. Chem. Soc., Chem. Com-
mun., 592 (1878).

(12) (a) M. Neuenschwander and P. Bigler, Helv. Chim. Acta, 56, 959 (1973);
A. Neuenschwander, A. Frey, and M. Neuenschwander, ibid., 56, 944
(1973); W. E. Truce and D. W. Onken, J. Org. Chem., 40, 3200 {(1975), W.

J. Org. Chem., Vol. 43, No. 21, 1978 4215

E. Truce and L. D. Markley, ibid., 35, 3275 (1970); L. i. Vereshchagin, R.
L. Bol'shedvorskaya, G. A. Pavlova, A. A. Verschchagina, and N. V. Al-
ekseeva, J. Org. Chem. USSR (Engl. Transl.), 11, 97 (1975); Zh. A. Kras-
naya, T. S. Stytsenko, E. P. Prokof'ev, and V. F. Kucherov, Bull. Acad. Sci.
USSR, Div. Chem. Sci., 1959 (1873); A. V. Eremeev, D. A. Tikhomirov,
and E. Liepin, Khim. Geterotsikl. Soedin., 207 (1977); Chem. Abstr., 87,
§737b (1977). (b) W. Scroth and G. Dili, E. Ger. Patent 106 642, 1974;
Chem, Abstr., 82, 170649d (1975); W, Gauss, H. Heitzer, and S. Petersen,
Justus Liebigs Ann. Chem., 764, 131 (1972); H. Nakao, M. Arakawa, T.
Makamura, and M. Fukushima, Chem. Pharm. Bull., 20, 1968 (1972); G.
Manecke and H.-J. Kretzschmar, Makromol. Chem., 189, 15 (1973); A.
H. Khan and J. S. Driscoll, J. Med. Chem., 19, 313 (1976); W. Ried and A.
H. Schmidt, Justus Liebigs Ann. Chem., 1863 (1975); H. Huber-Ernden, L.
Schibler, H. Jaeger, A. Hiestand, and A. Maeder, (Aba-Geigy, A.-G.), Swiss
Patent 511 831 (197 1); Chem. Abstr., 76, 72387y (1972). (c) M. Mihalic,
V. Sunjic, P. Mildner, and F. Kajfez, Croat. Chem. Acta, 48, 125 (1976);
Chem. Abstr., 86, 4800j (1977). (d) T. Fukunaga, J. Am. Chem. Soc., 94,
3242 (1972).

(13) O. C. Dermer and C. E. Ham, “Ethylenimine and Other Aziridines’’, Aca-
demic Press, New York, N.Y., 1968, pp 140, 141,

(14) A. A. Kropacheva, G. |. Derkach, and A. V. Kirsanov, J. Gen. Chem. USSR
(Engl. Transl.), 31, 1489 (1961); G. |. Derkach, L. D. Protsenko, L. P. Zhu-
ravieva, and A. V. Kirsanov, ibid., 32, 2942 (1962).

(15) H. W, Helne, Mach. Mol. Mig., 3, 145-176 (1971).

(16) Cf.ref 13, pp 283-289.

(17) S. I Miller and R. Tanaka, Sel. Org. Transform., 1, 196 (1970).

(18) N. Gakis, H. Heimgartner, and H. Schmid, Helv. Chim. Acta, 57, 1403
(1974); (b) ibid., 58, 748 (1975); (¢} U. Widner, N. Gakis, B. Arnet, H.
Heimgartner, and H. Schmid, Chimia, 30, 453 (1976).

(19) R. Kotani, J. Org. Chem., 30, 350 (1965).

(20) A.J. Gordon and R. A. Ford, "'The Chemist's Companion”, Wiley, New York,
N.Y., 1972, p 254,

(21) P. Gassman and E. A. Armour, Tetrahedron Lett., 1431 (1971).

(22) (a)P. G. Mente, H. W. Heine, and G. R. Scharoubin, J. Org. Chem., 33, 4547
{1968); P. C. Mente and H. W. Heine, ibid., 36, 3076 (1971); P. Scheiner,
ibid., 32, 2628 (1967); A. Sauleau, J. Sauleau, H. Bourget, and J. Huet, C.
R. Hebd. Seances Acad. Sci., Ser. C., 279, 473 (1974); (b) E. L. Stogryn
and S. J. Brois, J. Am. Chem. Soc., 89, 605 (1967).

(23) A. Hassner and C. Heathcock, Tetrahadron, 20, 1037 {1964).

(24) R. Chaabouni and A. Laurent, Synthesis, 464 (1975).

(25) H. Hoffmann and H. Férster, Tetrahedron Lett., 983 (1964).

{26) Reference 20, pp 431-433.

Photochemistry of 2-Acetyl-3-phenylnorbornanes: Influence of a
3-Phenyl Group on Carbonyl Reactivity in Relation to the
Geometry of Both Chromophores
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The photochemistry of trans- and cis-2-acetyl-3-phenylnorbornanes exo-3 and 5 and endo- 4 and -6 has been in-
vestigated and compared to that of exs-acetylnorbornane (1) and the endo isomer 2. The trans, exo compound 3
led exclusively to the Norrish type I photoproducts via the triplet state, while the cis isomer was inert. The endo
compounds 4 and 6 underwent the type II photoelimination exclusively from the singlet state, and cyclization from
both the singlet and the triplet. It has been shown that deactivation of excited states of carbonyl compounds by the
phenyl group in both exo and endo isomers occurs only when the two chromophores are in the cis position.

The photoreactivity of formally nonconjugated phenyl-
carbonyl compounds has been the subject of some recent in-
vestigations.l:2 Thus, it was shown by WhittenZ that 8-phenyl
ketones with an available v hydrogen undergo type II photo-
elimination as the only significant reaction. This author
showed that while the triplet state is formed in good yields it
returns exclusively to the ground state. The reaction occurs
exclusively from the singlet state. The kinetic data obtained
with somiewhat rigid ketones allowed Whitten to suppose a
through-space coupling between the two chromophores.
Sauers,? studying the two isomeric 2-acetylbenzonorbornanes,
reported that the exo isomer undergoes a nonefficient type
I cleavage, while the endo isomer is photostable. The author
suggested that the proximity of the two chromophores in the
latter provides a channel for radiationless decay of the trip-
let.

It therefore appeared attractive to us to study rigid systems
with an available ¥ hydrogen in order to investigate the in-
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fluence of the phenyl group on carbonyl reactivity in relation
to the relative geometry of both chromophores. Thus, the four
isomeric acetylphenylnorbornanes 3, 4, 5, and 6 were syn-
thesized and their photochemical reactivity was compared to
the acetylnorbornanes 1 and 2. The photochemistry of the
latter had not been studied before.

We report first that the behavior of the methyl ketones 1
and 2 was entirely different from that of the corresponding
aryl ketones.* Secondly we show that the phenyl group exerts
its influence only in the cis isomers 4 and 6. Finally, we dem-
onstrate that the Norrish type I reaction was more subject to
the influence of the phenyl group than the vy hydrogen ab-
straction reaction.

Results

I. Product Study. The structures of the products were
assigned on the basis of their spectral data and by chemical
correlation in the case of ketone 13.5
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