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N-Phthaloylglycine (la) was irradiated with a high pressure mercury lamp to give
N-methylphthalimide (2a) in an excellent yield. N-Phthaloyl derivatives 1b—k of
other z-amino acids also afforded the decarboxylated products 2b—k. In the cases of
N-phthaloylserine (11) and di-phthaloylcystine (1m), N-vinylphthalimide (3) was isolated
as a major product. On the other hand, N-phthaloylmethionine (11a) and methyl N-
phthaloylmethionate (11b) were treated in the same manner to give the aza-thiacyclo-
heptanol derivatives 12a—b having a new ring system. Solvent effects and possible
pathways of these reactions were examined.

Keywords N-phthaloyl-¢-amino acid; photolysis; decarboxylation; cyclization;
efficiency; solvent effect; {-hydrogen abstraction ‘

One of the most common photoreactions of carboxyl derivatives is decarboxylation.?
The nature of the carboxyl group and the substituents attached to it influence the photo-
processes as well as the fate of the intermediates generated by the loss of carbon dioxide.
Although it has been reported that o«-amino acids are decarboxylated by heating at
200—250°C,® little is known about the photodecarboxylation of x-amino acid derivatives.
We have previously reported that N-phthaloyl-a-amino acids undergo facile decarboxylation
~ on ultraviolet irradiation,? and full details are now presented in this paper.1+%

In a typical experiment, a solution of N-phthaloylglycine (1a) in acetone was irradiated
with a 400 W high pressure mercury lamp at room temperature for 3 h in an atmosphere of
argon. An oily product obtained on removal of the solvent i wvacuo was purified
by preparative thin layer chromatography (TLC) (silica gel, chloroform) to give N-methyl-
phthalimide (2a) in 899, yield. In a similar manner, the N-phthaloyl derivatives of common
a-amino acids (1) (v or pr) gave rise to the corresponding decarboxylated products 2 as shown
in Chart 1 and Table I. The N-phthaloyl derivatives of other a-amino acid analogs such as
phenylglycine (1h) and O-methyltyrosine (li) also afforded corresponding decarboxylated
products (2h and 2i). The above products were identified either by direct comparison with
authentic specimens or on the basis of their spectral and analytical data. From N-phthaloyl-
serine (11), the N-vinylphthalimide (3) was isolated as a result of concomitant elimination of a
hydroxyl group, in place of a normally decarboxylated product. Likewise, di-phthaloyl-
cystine (Im) also gave 3. From N-phthaloylleucine (1d), a minor product 4a was isolated
in addition to the normal one 2d. It is interesting that the acetone-adduct structure was
assigned to the compound 4a. An alternative structure 4b was excluded based on comparison
of the 13C-nuclear magnetic resonance (NMR) data of the product with those of a reference
compound 4c prepared by irradiation of N-isopropoxymethyl phthalimide in acetone.® The
quaternary carbon* of 4a, substituted by a hydroxyl group, shows a similar chemical shift
to that of 4c (96.1 ppm for 4a and 95.9 ppm for 4c). By contrast, in the structure 4b, this
particular carbon* is substituted by three hetero atoms, so, the peak would appear at a lower
field.” The stereochemistry of 4a is still uncertain.
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Tasre I. Photodecarboxylation of N-Phthaloyl-a-amino Acids

2 3

Substrate® ’ orb -
Solvent? ) Yieldo o mp or bp .
for TLC R (%) (°C)/Torr found = Yield mp
0 (reported) (%) (°C)
a Phth-GlyOH A H 89.4 132133
(83.0) (13410%)
b Phth-AlaOH A Me 38.30 76—77
. (7810)
¢ Phth-ValOH A CH(Me), 26.70 - 93—94
(9317)
d Phth-LeuOH A CH,CH (Me), 46.5 126—128/2 [4a (2.5%)1°
(42.1) (308,/76018)
e Phth-AspOH c CH,COOH (36.7) 148—150
(15119)
f Phth-AsnOH A CH,CONH, 62.2 193—194
47.7) (20420
g Phth-PheOH A CH,Ph 65.2 130—131
t (57.2) (13017)
h Phth-pGlyOH A Ph 31.6 115—116
(115%0)
i Phth-TyrOH(Me) B CH2—<Q \-OMe 10.8 1(?3’.5;2%?6
CH,——N
j Phth-HisOH D () © 29.8 gg(;alg’f
H .
k Diphth-LysOH A (CH,),~Phth 33.6 175178
(18820)
] Phth-SerOH A 30.0 8386
(86%5)
m Diphth-CysOH A 40.9

a) Phth=phthaloyl; Phth-pGly=phthaloyl phenylglycine.

b) The following abbreviations are used; A=CHCl;; B=benzene: AcOEt (4:1); C=CHCl;: AcOH: MeOH
(95: 3: 10); D=CHCl;: AcOH: MeOH (20:1: 3).

¢) The values in parenthesis are yields when acetonitrile is used as the solvent.

d) Negligible amounts of the acetone adducts were isolated.

e) mp 165—166°C.

0 , 0 0
hy —
N GHR  —(&- @:>NCH2R @::NCH—CH.
0 CO:H 0 : 0
1 2 3
0 0 0
N___CH,CH(CH:)- N—_~CH2CH(CHs). N
: \K @i‘; CH, <)
HO YO 0 : Y
HO CH. HO
CH: CHs CH: CH:
4a 4b 4c
Chart 1
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Photolysis of N-phthaloylglycine (la) was examined under various conditions and the
results are listed in Table II. Irradiation experiments using a high pressure mercury lamp
with or without a Pyrex filter, and a low pressure lamp were all effective for the decarboxyl-
ation. Since photoreaction of the sodium salt of la proceeded at a much slower rate, the
reactive species of this reaction appears to the free carboxylic acid. As expected, the methyl
ester was unchanged on irradiation.

Tasre II. Photodecarboxylation of N-Phthaloylamino Acids under Various Conditions

Yield Recovery of

Phthaloylamino Irradiation®

: Solvent - Method o,y Starting material
acid time (h) 2a (%) (%)
la CH,CN 1 B 94 e

CH,CN 1» C 92 —
Dioxane 1 B 89 —
CH,0H 39 A 42 43
50% aq. CH;OH 30 A 16 68
90% aq. CHsCN 0.25 A 71 28
Phth~GlyONa 909% aq. CH,CN 0.25 B - 23 68
Phth~GlyOMe CH;COCH, 39 A - 97
Phth—-$-AlaOH CH,CN 3 B — 99
CH;COCH, 32 A — 97
la-Isobutene CH,CN 8 B 2 90
la+cis-1,3-pentadiene CH,CN 0.39 24 45

The following lamps were used for irradiation; ) 500 W HP, &) 120 W LP, c¢) 400 W HP.

The solvent effects on this reaction were examined (Table III). The tendency for relative
efficiency to decrease in aprotic solvents suggests an important role of intramolecular hydrogen
bonding in 5 between the carboxyl and the imide carbonyl groups. The fact that N-phthaloyl-
B-alanine is photostable (Table II) is consistent with an intramolecular nature of the participat-
ing hydrogen bond as postulated in 5. Although acetonitrile gave the best results among
the solvents examined, (Table III), acetone was employed for the preparative photolysis
because significant coating of the lamp was observed with acetonitrile as a solvent in the prepar-
ative apparatus.

TasLE III. Solvent Effects on the Photodecarboxylation of N-Phthaloylglycine

Solvent CH,CN CH,Cl, Acetone tert-BuOH H,O
Relative
efficiencies 1.00 0.80 0.35 0.41 0.05

As can be seen in Table II, the photodecarboxylation reaction of la was signi-
ficantly prevented by adding either isobutene or c¢is-1,3-pentadiene. Since the triplet energy
of isobutene, 81 kcal-mol-1,® is about 10 kcal-mol-! higher than that of the imide which is
estimated to be ca. 70 kcal-mol-*from the O-O band of the phosphorescence spectrum (ethanol,
77° K), energy transfer is unlikely as a mechanism for the quenching by isobutene. Instead,
an electron transfer from the diene to the imide may be responsibible for the quenching since
such electron transfer is often of importance in the photoreactions of phthalimides and olefins
and dienes.?” In contrast to this, it is interesting that the photodecarboxylation of N-benzoyl-
glycine,'? a closely related analog of the phthaloyl derivatives, is sensitized by acetone, suggest-
ing the involvement of an excited triplet intermediate.

Intramolecular hydrogen abstraction of the excited imide carbonyl from the carboxyl
group to generate directly a carboxyl radical 6 would be energetically unfavorable. Low
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efficiency of phthalimide type II reaction!® and no substantial depression of the formation
of 2a in the presence of a good hydrogen donor (dioxane; Table II) also tend to exclude this
radical mechanism. :

Although the detailed mechanistic features of this reaction are not yet clear, plausible
pathways are illustrated in Chart 2. Initial proton transfer from the hydrogen-bonded
carboxyl group of 5 to the imide carbonyl leads to the formation of a zwitterion intermediate
7, which would be decarboxylated to give a biradical 8 followed by hydrogen transfer to 2.
Formation of 4a is supported by the trapping of a relatively long-lived secondary radical 8
by a solvent (acetone). An isomeric product 4b, even if formed, would be readily decomposed
due to its hemiacetal-like instability. It is also conceivable that 1,3-dipolar addition of
a zwitterionic intermediate 9 would give a similar product. In such a polar addition, however,
the alternative isomer 4b would be a more plausible product through a nucleophilic attack of the
carbonyl oxygen of acetone at the imide carbonyl group in 9b. The formation of N-vinyl-
phthalimide (3) is explained in terms of concerted heterolytic elimination of an appropriate
leaving group 10 (X=-OH and -S-S-), in accord with the postulation of the zwitterion inter-
mediate 7. :

(HO “0
0 ; =0 OH COs- OHK?;/O
+
0 0] ¥ (:}12(9{.
5 ¢ 6 10
HO cos | OH HO HO, |
@N—CHR — @:>N—CHR N-CHR H@N—EHR
+ +
0 0 a b O
7 8 . |
R=CH.X 9
X=—0H
~S-8
3 2
Chart 2.

During the course of this study, an unexpected product 12a (61%,) was isolated on irradia-
tion of N-phthaloylmethionine (11a) in acetone solution.’ The *H-NMR spectrum of 12a
showed a new peak of a methylene moiety [3.43 (d, 15 Hz), 3.01 (d, 15 Hz); 6, CDCls] in place
of the original S-methyl group in 11a indicating that cyclization had occurred at the thioether
methyl group in addition to decarboxylation. ~All other spectral and analytical data supported
the structure 12a. In a similar manner, irradiation of methyl N-phthaloyl-L-methionate 11b
([oc]p —46.2°) afforded the crystalline product 12b, which was separated by silica gel preparative
TLC into two optical isomers. They were the trans (levo-form, [«], —101.0°) and cis (dextro-
form, [a]p +1382.8°) stereoisomers with regard to a hydroxyl group and a methoxycarbonyl
group in the new ring, consistent with the assigned structure 12b. The stereochemistry of
the trans and cis isomers of 12b was deduced from the infrared (IR) and 'H-NMR spectral
data. The IR signals of a hydroxyl group and a methoxycarbonyl group in 12b appeared
at » 3370 (OH, sharp), 1750 (COOCH,)cm~! and 3620—3200 (OH, broad), 1740 (COOCH)cm™1,
for the trans and cis isomers, respectively. Namely, the absorptions of a hydroxyl group
and a methoxycarbonyl group in 12b cis appeared at lower frequency and as broader peaks
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than those of the corresponding #rans isomer, due to the participation of a hydrogen bond of a
hydroxyl group and a methoxycarbonyl group in 12b cis (Chart 3). In the 'H-NMR spectrum
(CDCl,), a new peak of a methylene group of 12b trans appeared as a singlet at 6 3.19, whereas
that of 12b cis appeared as ABq type at 6 2.98 and 3.35 (/=15 Hz, each), due to the participat-
ing hydrogen bond (fixed conformation) as illustrated in Chart 3. On treatment with acid,
12a and 12b (frans and cis) were readily converted into the dehydrated products, 13a and 13b
in good yields, respectively, in support of the tertiary hydroxyl structure of 12. On the other
hand, the configuration of C; in 12b (frans and cis) is correlated with that of L-methionine.
The methoxycarbonyl group in the frans and cis isomers of 12b was unchanged on dehydration
to give the same 13b of levo-form ([«]p, —865:£3°), respectively. Therefore, the configuration
of the dehydrated compound is represented by 13b, in which the asymmetric carbon (C;) has
S-configuration.

o
) R 0
0  co.R . N R
/{ v N+om
NCHCH.CH.SCHs HO g
0 e d | 5
11a : R=H 12a : R=H 13a . R=H
11b : R=CH; 12b : R=C0.CH; 13b . R=C0.CHs
OCH:
CO.CH 2 (13
2 3
N—4:H N ----OH\\Q
0O——H
HO g S
12b irans 12b cis
Chart 3

Since y-hydrogen abstraction is a major path for simple carbonyl systems,®? it is interest-
ing that in these examples the aza-thiacycloheptanol derivatives 12, corresponding to {-
hydrogen abstraction,! were produced easily. In fact, this finding of a special “cyclophilic
nature” of the phthalimides with a thioether in their side chain led us, in an extensive study
of applications of this system, to develop novel photochemical macrocyclic syntheses.5:13

Experimental

Melting points are uncorrected. For vapor-phase chromatography (VPC, FID detector) a column of
19, Fluoxylate K on Uniport HP (Gasukuro Kogyo Co., Ltd., Japan), 3 mm X 2 m, was used. NMR spectra
were obtained in CDCl, solution with JEOL JNM-FX 100, and JEOL JNM 60 spectrometers, unless otherwise
noted, and are given in J (ppm) from internal tetramethylsilane. Coupling constants (J) are given in Hz
and the following abbreviations are used; s=singlet, d=doublet, t=triplet, q=quartet, m=multiplet,
br=broad. Infrared spectra (IR) were obtained with a Hitachi 215 spectrometer. Mass spectra (MS)
were taken on a Hitachi RMU-6M spectrometer. Phosphorescence spectra were recorded on a Hitachi
650-60 fluorescence spectrophotometer. N-Phthaloyl-z-amino acids were prepared by the methods reported
in the literature and procedures cited therein.14:1%)

Methyl N-Phthaloyl-L-methionate (11b) A mixture of L-methyl methionate.-HCl 10.0 g (0.05 mol),
N-carbethoxyphthalimide 11.0 g (0.05 mol) and Na,CO, 5.03 g (0.05 mol) in 509, aqueous CHCl; (100 ml)
was stirred at 25°C for 2 h. The reaction mixture was acidified with dil. HCl and extracted with CHCly.
The extract was dried and concentrated in vacuo to give 13.5 g (92.09%,) of product, colorless prisms from
hexane—isopropyl ether, mp 33—34°C. [«]% —46.2° (¢=1.0, CHCL). IR »¥ cm~1: 1780, 1745, 1715.
MS m/e: 293 (M+). 'H-NMR: 2.08 (3H, s), 2.40—2.70 (4H, m), 3.78 (3H, s), 4.97—5.28 (1H, m), 7.80—8.10
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(4H, m). Amnal. Caled for C;;H,;NO,S: C, 57.33; H, 5.16; N, 4.78; S, 10.91. Found: C, 57.52; H, 5.12; N,
4.96; S, 11.10.

Photolysis of N-Phthaloylamino Acids Method A: Solutions (300 ml) of 1 [1.2 g (3—6 mmol)] in
acetone were irradiated for 3 h with a 400 W high pressure mercury lamp in an atmosphere of argon, unless
otherwise specified. Products obtained on removal of the solvent in vacuo were purified by silica gel pre-
parative thin layer chromatography (TLC) to give 2. The results are listed in Table I, with the solvents
used and physical data for the products.

Method B: Solutions (300 ml) of la, the sodium salt of la or N-phthaloyl-f-alanine (3 mmol) were
irradiated using a 500 W high pressure mercury lamp with a Pyrex filter under continuous bubbling of nitro-
gen. After removal of the solvent, the residue was passed through a silica gel short column to give 2a (ben-
zene: EtOH=10: 1) or the starting material (CHCl;: MeOH: AcOH=50:4:1). The results are listed in
Table II.

Method C: The same procedure as above was used except that a 120 W low pressure mercury lamp
was used for irradiation (Table II). ' '

N-Isopentyl-phthalimide (2d) and 9b-Hydroxy-3-isobutyl-5-0x0-1,3,5,9b-tetrahydro-oxazolo[4,3-g)isoindole
(4a)—-—A solution of N-phthaloyl-L-leucine 1d in acetone was irradiated in a manner similar to that described
for method A to give 462 mg (46.5%,) of 2d and 31 mg (2.59) of 4a, respectively. 2d: Colorless oil of bp
126—128°C/2 Torr (1it.'® bp 308°C/760 Torr). 4a: Colorless needles of mp 165-—166°C from CHCl;~hexane.
IR »¥uiet cm—1: 3230, 1677, 1609. UV AE% my (e): 245 (5050), 276 (1450), 283 (1100). MS m/je: 275 (M+).
'H-NMR: 0.68 (3H, s), 0.97 (3H, d, /=6 Hz), 1.02 (3H, d, /=6 Hz), 1.53 (3H, s), 1.77 (2H, m), 1.65—2.10
(1H, m), 3.10—3.45 (1H, br), 5.21 (1H, t, /=5 Hz), 7.35—7.76 (4H, m). ¥C-NMR: 21.8 [q, ~CH(CH,), or
—C(CHy),], 22.9 [q, -C(CH,), or —CH(CHy),], 24.3 [d, -CH(CH,),], 46.1 (t, CH,), 82.4 [s, -C(CH,),], 84.8 (d,
N-CH-0), 96.1 (s, —-C-OH), 122.0, 123.9, 130.1, 132.7, 133.2 and 144.5 (aromatic carbons), 170.7 (s, carbonyl
carbon). Awnal. Calcd for C,¢H,;NO;: C, 69.79; H, 7.69; N, 5.09. Found: C, 69.84; H, 7.61; N, 5.10.

3-Phthalimido-propionamide (2f)——The same procedure as above (method A) was used for irradiation.
The crystalline residue obtained on removal of the solvent under reduced pressure was recrystallized from
EtOH to give 414 mg (62.29,) of 2f as colorless needles of mp 193—194°C (1it.2® mp 203—204°C). IR pNuot
cm~1: 3390, 3290, 3190, 1768, 1700, 1645. MS m/e: 218 (M+). 'H-NMR (DMSO-d,): 2.46 (2H, t, /=7 Hz),
3.82 (2H, t, /=7 Hz), 6.50—7.00 (1H, br), 7.15—7.60 (1H, br), 7.80 (4H, s). Amnal. Calcd for C;;H,,N,O,:
C, 60.54; H, 4.62; N, 12.84. Found: C, 60.72; H, 4.60; N, 12.99.

1,5-Bis(phthalimido)pentane (2k)——Colorless needles of mp 175—178°C (lit.2) mp 188°C) from MeOH.,
This compound was identical with an authentic sample as judged by direct comparison.

1,3,4,5,7,11b-Hexahydro-11b-hydroxy-[1,4]thiazepino[3,4-aJisoindol-7-one (12a) A solution (300 ml)
of N-phthaloyl-L-methionine 11229 (1.2 g, 4.3 mmol) in acetone was irradiated for 3 h as described for method
A. The residue was subjected to preparative TLC (CHCl;: EtOH=20: 1) to give 606 mg (60.6%) of 12a,
colorless prisms from EtOH, mp 188—190°C. IR »Nu cm~—1: 3265, 1665. MS m/e: 235 (M+). 'H-NMR
- (CDCI3-DMSO-dg, 100 Mc): 1.70—2.30 (2H, m), 2.40—3.00 (3H, m), 3.01, 3.43 (1H each, a pair of AB type,
J=15 Hz), 3.70—4.20 (1H, m), 6.33 (1H, br s}, 7.30—7.76 (4H, m). Anal. Calcd for C,,H,,NO,S: C, 61.27;
H, 5.57; N, 5.96; S, 13.61. Found: 61.36; H, 5.68; N, 5.82; S, 13.81.

3,4,5,7-Tetrahydro-[1,4]thiazepino[3,4-q]isoindol-7-one (13a)——A mixture of 12a (700 mg), conc. HCI
(4 drops) and MeOH (20 ml) was refluxed for 3 h. After removal of the solvent under reduced pressure,
the residue was subjected to silica gel preparative TLC (CHCl;) to give 582 mg (90.0%) of 13a as a pale
yellow oil. IR vqrcm™: 1700. MS m/fe: 217 (Mt). 'H-NMR: 2.00—2.50 (2H, m), 3.10—3.40 [2H, m
(t-like)], 4.15—4.50 [2H, m (t-like)], 6.37 (1H, s), 7.35—8.00 (4H, m). Anal. Calcd for C;,H;;NOS: C, 66.35;
H, 5.10; N, 6.45; S, 14.75. Found: C, 66.50; H, 5.07; N, 6.72; S, 14.60.

Methyl 1,3,4,5,7,11b-Hexahydro-11b-hydroxy-7-oxo-[1,4]thiazepino[3,4-a]isoindole -5 - carboxylate (12b)
(trans and cis)——A solution (300 ml) of methyl N-phthaloyl-L-methionate 11b (1.2 g, 4.1 mmol) in benzene
was irradiated for 3 h as described for method A. The residue was subjected to silica gel preparative TLC'
(CHCl;3: AcOEt=2:1) to give two compounds.

12b (trans): 458 mg (38.2%), colorless needles from AcOEt-hexane, mp 130—131°C. [«)¥ —101.0°
(¢=1.0, CHCly). IR #»}ut em~1: 3370, 1750, 1685. MS m/fe: 293 (M*). 'H-NMR: 2.25—2.85 (4H, m),
3.19 (2H, s), 3.72 (3H, s), 4.55—5.10 (1H, m), 5.17—5.50 (1H, m), 7.30—7.85 (4H, m). Anal. Calcd for
C,sH,;NO,S: C, 57.33; H, 5.16; N, 4.78; S, 10.91. Found: C, 57.49; H, 5.22; N, 4.73; S, 11.01.

12b (cis): 330 mg (27.5%), colorless prisms from AcOEt-hexane, mp 212—215°C. [a]% +132.8° (c=
1.0, CHCl;). IR »3%e cm~1: 3600—3200, 1740, 1675. MS mfe: 293 (M*). 'H-NMR: 2.25—2.90 (4H, m),
2.98, 3.35 (1H each, a pair of AB type, /=15 Hz), 3.67 (3H, s), 3.90—4.20 (1H, m), 4.25—4.80 (1H, m),
7.40—7.85 (4H, m). Anal. Calcd for C;,H,;NO,S: C, 57.33; H, 5.16; N, 4.78; S, 10.91. Found: C, 57.07;
H, 5.31; N, 4.58; S, 10.66. .

In the Case of fevi-Butanol as the Solvent: A solution of 11b (1.20 g, 4.1 mmol) in te-BuOH (300 ml)
was treated by a procedure similar to that mentioned above and 12b (frans), 214 mg (17.8%,), and 12b (cis),
380 mg (31.6%,), were obtained from the residue.

Methyl 3,4,5,7-Tetrahydro-7-oxo-[1,4]thiazepino[3,4~a)isoindole-5-carboxylate (13b)——From 12b (tvans):
A mixture of 12b (trans) (7.5 g, 0.026 mol), p-toluenesulfonic acid (0.6 g) and CH,Cl, (60 ml) was refluxed
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for 2h. After removal of the solvent under reduced pressure, the residue was subjected to silica gel chro-
matography (benzene: AcOEt=14:1) to give 4.92 g (70.0%) of 13b, colorless prisms from AcOEt-hexane,
mp 118—119°C. [«]} —362.4° (¢=1.0, CHCl;). IR »¥ cm~!: 1738, 1680, 1620. MS mje 275. 'H-NMR:
3.00—3.40 (4H, m), 3.75 (3H, s), 5.50—5.70 [1H, m (q-like)], 6.40 (1H, s), 7.60—8.00 (4H, m). Anal. Caled
for C; H,3NO,S: C, 61.09; H, 4.76; N, 5.09; S, 11.64. Found: C, 61.25; H, 4.71; N, 5.28; S, 11.82.

From 12b (cis): A mixture of 12b (cis) (750 mg), p-toluenesulfonic acid (40 mg) and CH,Cl, (10 ml)
was treated by a procedure similar to that mentioned above to give 560 mg (80.0%) of 13b. [«]? —367.6°
(¢=1.0, CHCly). :

Irradiation of 1a in the Presence of Isobutene——A solution of 1a (2.05 g, 10 mmol) and isobutene (11 g,
0.2 mol) in acetonitrile (100 ml) was irradiated in a procedure similar to method B for 8 h to give 40 mg
(2%) of 2a, and 1.85 g of the starting material was recovered (90%).

Irradiation of 1a in the Presence of cis-1,3-Pentadiene——A solution of 1a (0.3 g, 1.5 mmol) and cis-1,3-
pentadiene (108 mg, 1.6 mmol) in acetonitrile (230 ml) was irradiated by a procedure similar to method A
for 20 min to give 57 mg (24.29%) of 2a, and 134 mg (44.79%,) of the starting material was recovered.

Irradiation of N-Benzoylglycine'®)——N-Benzoylglycine (538 mg, 3 mmal) in acetonitrile or acetone
was irradiated by a procedure similar to method B for 1 h to give 535 mg (99%) of the starting material (in
acetonitrile) or 394 mg (97%) of N-methylbenzamide (in acetone).

Solvent Effects on Irradiation of la——Degassed solutions of 1la (10 mm) in Pyrex tubes were irradiated
on a merry-go-round using potassium chromate as a chemical filter to isolate 313 nm. The formation of 2a
was determined by vapar phase chromatography analysis using m-dinitrobenzene as an internal standard.
The results are listed in Table III.

Acknowledgement The authors (Y.S., H.N., T.M. and M.K.) are grateful to Mr. M. Yamazaki and
Dr. S. Saito, for their encouragement, and to Mr. H. Ogiwara for his technical assistance.

References and Notes

1) a) Photochemistry of the Phthalimide System. 20. Part 19: M. Machida, H. Takechi, and Y. Kanaoka,
Hetevocycles, 14, 1255 (1980); b) Photoinduced Reactions. 48. Part 47: H. Nakai, Y. Sato, T. Mizoguchi,
and Y. Kanaoka, Synthesis, 1982, 141.

2) R.S. Givens and N. Levi, “Supplement B: The Chemistry of Acid Derivatives Part 1,” ed. by S. Patai,
John Wiley and Sons Ltd., New York, 1979, p. 641.

3) E. Abderhalden and E. Gebelem, Z. Physiol. Chem., 152, 126 (1926).

4) Y. Sato, H. Nakai, T. Mizoguchi, M. Kawanishi, and Y. Kanaoka, Chem. Pharm. Bull., 21, 1164 (1973).

5) Y. Kanaoka, Accounts Chem. Res., 11, 407 (1978).

6) a) Y. Kanaoka, Y. Migita, Y. Sato, and H. Nakai, Tetrakedron Leit., 1973, 51; b) H. Nakai, Y. Sato,
H. Ogiwara, T. Mizoguchi, and Y. Kanaoka, Heferocycles, 2, 621 (1974); ¢) 3C-NMR of 4c: 21.4 (q,
CHy), 23.2 (q, CHy), 74.1 (t, CH,), 82.4 [s, ~C(CH,),], 95.9 (s, -C~OH), 122.2, 124.0, 130.3, 132.5, 133.5
and 144.7 (aromatic carbons), 170.6 (s, carbonyl carbon).

7) For example, the carbon of (EtO),CH appears at 112.5 ppm; L.F. Johnson and W.C. Jankowski, “Carbon-
13 NMR Spectra,” Wiley-Interscience Publications, New York, 1972.

8) N.J. Turro, “Modern Molecular Photochemistry,” Benjamin Publishing Co., Inc., California, 1978, p.
282.

9) @) P.H. Mazzocchi, M.]J. Bowen, and N.K. Narain, J. Am. Chem. Soc., 99, 7063 (1977); ) P.H. Mazzoc-
chi, S. Minamikawa, and M.J. Bowen, J. Org. Chem., 43, 3079 (1978).

10) The quantum yield of type II photoreaction of N-propylphthalimide is 0.008; Y. Kanaoka and Y.
Hatanaka, unpublished data.

11) Y. Sato, H. Nakai, H. Ogiwara, T. Mizoguchi, Y. Migita, and Y. Kanaoka, Tetrahedron Lett., 1973, 4565.

12) P.J. Wagner, Accounts Chem. Res., 4, 168 (1971). _

13) a) Y. Sato, H. Nakai, T. Mizoguchi, Y. Hatanaka, and Y. Kanaoka, J. Am. Chem. Soc., 98, 2349 (1976) ;
b) Y. Sato, H. Nakai, T. Mizoguchi, and Y. Kanaoka, Tefrahedvon Leit., 1976, 1889; ¢) M. Machida,
H. TakecHi, and Y. Kanaoka, Heferocycles, 7, 273 (1977).

14) a) G.H.L. Neikens, G.I. Tesser, and R.].F. Nivard, Rec. Trav. Chim., 79, 688 (1960); &) G.H.L. Nefkens,
Nature, 185, 309 (1960); c¢) S. Ohki and T. Nagasaka, Chem. Pharm. Bull., 19, 545 (1971).

15) J.P. Greenstein and M. Winitz, “Chemistry of the Amino Acids,” Vol. 2, John Wiley and Sons. Inc,
1961, p. 901.

16) G. Wanag and A. Veinbergs, Chem. Ber., 75, 1558 (1942).

17) G. Vanags, 4cta Univ. Latviensis, Kim. Fakultat. Ser. 4 No. 8, 405 (1939) in Germ. [C.4., 34, 1983°
(1940)].

18) W. Markwald, Chem. Ber., 37, 1047 (1904).

19) A. Schoberl and H. Braun, A#nn., 542, 274 (1939).

20) S.R. Buc, J. Am. Chem. Soc., 69, 254 (1947).

NII-Electronic Library Service



1270

Vol. 30 (1982)

21)
22)
33)
24)
25)
26)

S. Gabriel, Chem. Ber., 20, 2227 (1887).

M. Kulka and R.H.F. Manske, J. Am. Chem. Soc., 75, 1322 (1953).
S.C.K. Su and J.A. Shafer, J. Org. Chem., 34, 2911 (1969).

G. Wanags, Chem. Ber., 75, 719 (1942).

M. Bachstez, Chem. Bew 46, 3087 (1913).

S. Guttmann and R.A. Boxssonnas Helv. Chim. Aota, 41, 1852 (1958).

NII-Electronic Library Service





