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Abdrrt-It is shown that th: reduction of some of 249oxazoli1~a with IAH gives tk comxponding aziri- 
dines, in a wide range of yields depending upon tk substituent dfccts of the 2-isoxazoli1lts For exampk, 
2-ismazdincs bearing a Ph group at C,-position afford the azEGcs in almost quantitative yields, but 
those having a Me group instead of the Pb group at tbc same position furnish tk aziridincs in poor yields. 
In additios k&tics and mechanism of azirih formation from 2-isoxaz.olincs are examined in comparison 
with those of a&idinc formation from an oximc and its O-methyl ctbcr. This naction i9 a simplt and con- 
venient method for tk synthesis of aziridincs 

RECENTLY, we reported a new method for the synthesis of aziridines by reduction of 
oximes with LAH.2 It was also demonstrated ihat the reduction of not only the oxime 
i&If but also its O-acetate and O-methyl ether yielded the same a&dine in almost 
equal yields :j LAH reduction of dibenzylketoxime (Ia) in THF gave cis-2-phenyl3- 
benzylaziridine (II) in 92.5% yield, the same treatment of the O-acetate (Ib) and the 
O-methylether (Ic) afforded the identical a&idine in 87.5 and 903% yields, respec- 
tively. These findings led us to the expectation that the LAH raduction of 2-isoxazo- 
lines might also lead to aziridine derivatives, since 2-isoxazolines can be regarded 
as internal 0-alkyloximes. Actually, the nduction of suitable 2-isoxazolines with 
LAH was found to give aziridines, in spite of the fact that there have been a few papers 
con&g the LAH reduction of 2-isoxazolines, which reported the formation of 
only the corresponding 3-aminopropanols.* 

This paper deals with aziridine formation from 2-isoxazolines together with its 
kinetics and mechanistic studies. 

(a) Aziridineformufion by LAH reduction of2-isoxuzolines. Perold and von Reiche”’ 
reported that the LAH reduction of 3,5diphenyl-2-isoxazolines (III) in boiling ether 
gave 1,3diphenyl-3-aminopropanol (IV) in 62% yield. Our reinvestigation of the 
LAH reduction of III in boiling ether revealed that the aziridine II, which could be 
detected by GLC, was formed in 4.6% yield together with the crude aminoalcohol, 
isolated in 89*pA yield. However, why boiling THF was used instead of ether as a 
solvent for the LAH reduction of III, the expected cis-2-phenyl-3-benzylaziMxie 
(11)2* 3*6 was isolated in DS% yield accompanied by 25.6% of the reported amino- 
alcobol IV. The aziridine was identical with the one obtained from 1a-c as well as 
from chalcone oxime (V).’ Similarly, the LAH reduction of 3-phenyl-2-isoxazoline 
(VI), prepared according to a known method* yielded cis-2-phenyl-2methylaziridine 
(VII) in 36WA yield, which was identical with the a&idine obtained from l-phenyl- 
propanone oxime 02v9 or phenylvinylketoxime (xxi0 and the amino-alcohol 

l The outline of this paper was reportal in our preliminary communication.1 
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I a: R-H 

b: R=COCH, 

F: R=Ctl, 

VIII in 46.9% yield. By the two examples mentioned above, it was proved that some 
2-isoxazoline~ were, as expected, transformed to the corresponding aziridines with 
LAH. 

Therefore, the generalization of this reaction was further examined with respect 
to the effects of substituents of 2-isoxaz.olines on aziridine formation and a mechan- 
istic study was also carried out. For this purpose, several 2-isoxazoline~ were syn- 
thesized and submitted to LAH reduction. 
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All of 2-isoxazolines (XI-XVII) used here, including newly synthesized XV,ii b.p. 
137”/01 mmHg, and XVI, m.p. 81-82”, were prepared by 1,3dipolar addition using 
suitable nitrile oxides and olefins except for unknown XVII. 

XWI 0: x = 0 

b: X=NOH 

xvll xx XX xm 

CliAllT 3 

3,4-Diphenyl-2-isoxazoline (XVII) was synthesized as illustrated in Chart 3. In this 
case alkaline treatmenti of the methiodide XIX, m.p. 187-1875” (dec), afforded the 
3,4diphenyl-2-isoxazoline (XVII), m.p. 121-121*5”, in 35% yield, accompanied with 
two epimers of an oxime, (XX, m.p. 130-132”, and XXI, m.p. 91“) and 3,4diphenyl- 
isoxazole (XXII)13 in 28,10 and 5% yields, respectively. For the oximes XX and XXI, 
syn and anti configurations were assigned respectively from NMR spectral studies.* 
The formation of two isomers of the oxime might be attributable to the inter- 
mediates, XVIIIb and XIX, which may be a mixture of syn and mtti isomers. The 
LAH reduction of the 2-isoxazolines (XI-XVII) was carried out in THF and the reduc- 
tion products were separated into the aziridines, the aminoalcohols and other 
products by elution-chromatography as shown in Chart 4. 

The stereochemistry of the a&dines obtained, XXIII, XXVI, XXVIIIa, XXXa, 
xXx11, XXXIII, and XXXVI, was readily deduced from their NMR spectra. As shown 
in Table 1, &configuration of the aziridine XXIII was established from the value of 
the coupling constant (J2S3 = 6.5 Hz). The determination of the configurations of 
2,3,3-trisubstituted aziridines was also based on the NMR data in comparison with 
those of the aziridines II, VII, and XXXVII-XXXIX having established configura- 
tions.14 For example, the stereochemistry of two aziridines, m.p. 45.5” and 77”, 
obtained from 3,5diphenyl4methyl-2-isoxazoline (XVI) was established as shown 
in XXX11 and XXXIII, respectively, from the diIIerences between the chemical shifts 
of the Me and/or the methylene groups attached to the C3-position in the two aziri- 
dines. These assignments were made based on the high-field shifts of the C3-Me or 
methylene group, which is c&related to the C,-phenyl group, due to the shielding 
effect of the phenyl.ls 

(b) The eficts of the substituents on 2-isoxazolines for aziridinefomation. The eifkcts 
of the substituents of 2-isoxazolines on aziridine formation were examined. As shown 
in Table 2, a Ph group at Cs position in 2-isoxazoline decreased somewhat the yields 
of the formed a&dines, as in VI, III and XI. In contrast to this, aziridine formation 

* See Experimental. 
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XXM 0: R-H xxw 
b: I - CCC&i,NQ@) 

XXVIII a: R=H XXIX 

b: R - CONHC,H, 

5: R - COC,H,NO&d 

XXX o: R=H XXXI 

b: R = CONK& 
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TABLE 1. m R SPECTRAL DATA OF AZIRID~ OBTAINPD FROM 2-tSoxAZ0LlNPS 
(60 MC. CDclx) 

Aziridine 
Chemical sllift ($ 

CI-H G-H C1-H C,--CH, 

XXXVII 

XXXVIII 

VII 

II 

XXIII 

XXVIIIa 

XXXa 

xxx11 

xxx111 

XXXVI 

XXXIX 

(7.373” 
(7.38y 

(7.38r 
6.82 J = 65 

6-68dJ=6Q 

6.58d J = 6.5 

6.83 

- 

(8.38y 

(8.38)” 
7.65 J = 65, 55 

.., 7,52 

7.1Od-d J = 65.90 
- 

790q J = 5.5 - 

-7GO? 

-690 

-6.68 
- 

- 

- 

- 

78OqJ=5Q 

CH, (9-34p (8.98)” - 

CH, (9.17 J = 5.4y 

CHJ (9.47 J = Sq 
9-12 J = 5.5 

-7-52 - 

6.63d J = 9a - 

6.70 - 

678,690 9-m 

q(AB-type) J = 5.5 

CH, 908s - 
-CH,-- 6-95, 7.15 

q(AB-type) 

CH3 8.68s - 
-CH1-- 7.53 

8.27 - 

CH, 9.14d J = 5.0 8.43s 

’ TMS was used as external reference. 
b Coupling constants (J-values) are shown by Hz 

from 2-isoxazoline III bearing a Ph group at the C,-position is superior to that from 
from XII bearing Me group at the same position. A similar tendency was observed 
bet- XIII and XV. Special attention should be paid to the effects of the substituents 
at the C4 position of 2-isoxazolines on aziridine formation. While all of the 2-isoxa- 
zolines bearing a Ph group at the C&-position as in the example, XIII, XIV, XV and 
XVII, gave the aziridines in excellent yields, even if the reaction was carried out at 
lower temperature and/or shorter reaction time, the 2-isoxazoline XVI bearing Me 
group at the C,-position was transformed in only 4.1% yield to the aziridines (XXX11 
and XXXIII) whereas 3,5diphenyl-2-isoxoline (III) having no substituent at the 
same position was reduced to the aziridine in %5% yield These effects of substituents 
at 2-isoxazolines should be emphasized in view of not only the mechanism of this 
reaction but also its preparative application. 

(c) Kinetic studies on the reaction As mentioned above, 2-isoxaxolines bearing a 
Ph group at C,-position were transformed with LAH in TI-IP to the corresponding 
axiridines in excellent yields as aziridine was formed from dibenxylketoxime (Ia) and 
further, 2-isoxazoline can be regarded as an internal oxime 0-alkyl ether. Therefore, 
detailed mechanistic study on the LAH reduction db dibenzylketoxime O-methyl 
ether (Ic) was expected to provide a clue to the reaction mechanism of the aziridine 
formation from 2-isoxazoline. 

When O-methyl ether Ic was stirred with LAH at 40” for 6 hr, GLC analyses 
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TABLE 2. &lMJCTlON OF 2-LWXAZOLINES WITH LAH UNDER DWFEMNT CONDITIONS 

Isoxaxoline 
WHlc Condition 

(M) temp hr 
Aidridine 

Reaction 

Product y 
Aminoalcohol Another product 

VI 

III 

XI 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

055 

040 
040 

o-37 
040 
040 

049 
049 
042 

051 

017 
O-097 
0.22 

0097 

035 

033 

O-08 

dhlX 

40” 
20” 

reflux 
40” 

25 

relIux 
40 
25” 

30 

relIux 
25 
20” 

25” 

3540” 

3&35” 

-15” 

3 
4 
24 

3 
4 
6 

1 
5 
1 

4 

3 
1 
4 

1 

3.5 

3 

4 

369 
VII (52.4) 

(4w 

II (Z) 
none 

209 
XXIII 105 

none 

XXVIa 73 

none 
XXVIIIa (93.9) 

826 

XXVIIIa (92.3) 

XXXa 7@1 

XXX11 2.6 
XXX111 1.5 

XXXVI 82.7 

xx 46.9 

IV 25.6 

III quantitative 

XXV 17.3 
XXIV 21.3, XI 50-l 
XI quantitative 

XXVII 39.4 

XXIX 33.5 

XXIX 12.9 

XXX1 152 

XXXV 6.1 
XXX1V 678 XVI 2.4 

’ Yield of isolated product, figures in parentheses were measured by GLC. 

showed the formation of the aziridine II in 958% yield accompanieu with the liber- 
ated MeOH in 895% yield The curves of the reaction product II and starting matorial 
Ic us time using different concentrations of LAH are shown in Fig. 1. 

Examination of these curves proves that the reaction rate is dependent on the initial 

Ro. 1 Reaction of dibenxylketqxime O-Me ether (Ic) with LAH in THF. 
Reaction temp : 40”. 
[ICI0 : 004 M 
l l Dibenxylketoxime O-Me ether (Ic) 
0 0 The produced ci.s-2-phenyl-3benxylaxiridine (II) 
- [LAH]c @4M 
- ___ [LAH],, O2M 
. . . . . [LAH]c 0-08M 
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concentration of LAH ([LAH]o). The stoichiometry of the LAH reduction of Ic was 
also determined at 40” according to Brown et ~1.‘~ The hydrogen evolved in the reac- 
tion of Ic (DOSM) with LAH (02M) in THF was measured alter hydrolysis of the 
solution after 6 hr. A blank reaction without addition of Ic was performed under 
identical conditions and from the difference of hydrogen volumes the amount of 
hydride used for the reduction of Ic itself was calculated. The data for dibenzylketoxime 
O-methyl ether (Ic) are shown in Table 3. Two moles of hydride were consumed per 
mole of Ic; one for hydrogen abstraction from Ic and one for the reduction of the 
C=N bond 

TABU 3. STOICHIOMETRY OF THE ltJ!ACTlON oi’ LAH (0.2M) WITH 
DIBENZYLKETOXIMB (I- (IC)’ 

IICI, 
(M) 

Hydrogen evolved Hydride used 
mol. eq mol. eq 

Hydride used 
for reduction 

mol. q 

1.12 2.10 0.98 
oat 1.05 2.30 1.25 

099 2.25 1.26 
004 la - - 

’ Reactions were carried out in the following conditions; in THF, at 400’, and 
for 6 hr. 

It was recognized that the curve of hydrogen evolved us time fits with that of aziridine 
formation (as shown by the broken line in Fig 1) and that this reaction is not affected 
by the concentration of Ic as shown in Table 3. These results show that the oxime 
O-methyl ether Ic probably is transformed to the aziridine II by a mechanism similar 
to that for dibenxylketoxime (Ia) though the reactions di&r in two points; the hydro- 
gen does not evolve violently in the initial stage of the reaction, and the reaction rate 
depends strongly on the initial concentration of LAH. Similar studies were performed 
on some 2-isoxaxolines which, as pointed out above, may be regarded as internal 
0-alkyl oximes. 

As shown in Table 4, the stoichiometry of the LAH reduction of truns-3,4,5- 
triphenyl-2-isoxazoline (XIII)1a indicated that three moles of hydride were consumed 

TABLE 4. Sro~c~~orcara~ OF THE REACTION OF rrmu-3,4,5-~~x~2-~9o~~D.m (XIII) wrm 
LAH IN THF AT 25.0” 

wIn3 
(M) 

I!-AHlo 
(M) 

Hydrogen 
evolved 

(mol. es) 

Hydride Hydride used 
for reduction 

(mol. eq) 

Half time of 
H2 evolved 

(mw 

oQ40 oQ9-7 096 3Q2 2.06 15 
0061 09-I 1.11 3.10 199 15 
0041 0064 la 2.85 1.78 22 
oQ40 0048 105 2.88 1.83 26 
0021 0049 IQ2 309 207 25 
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per mole of XIII under all the different conditions in which the initial concentrations 
of both LAH and XIII were changed. Since the slow liberation of one mole of hydrogen 
was observed, two hydrides were used for reduction. 

In order to elucidate,the mode of hydride consumption, XIII was reduced with 
LAD instead of LAH to give the dideuterated a&dine, XL, rap. 85455”. The 
location of two deuteriums in XL was determined by the comparison of the NMR 
spectra of XXVIIIa and XL. In the NMR spectrum of XL, in the range of 6-g r only 
one proton signal appeared at 6.73 r clearly indicating the introduction of two 
deuteriums at the CZ- and C,-positions of the aziridine. Similar treatment of 3,5- 
diphenyl-24soxazoline (III)* with LAD gave the dideuteratcd aziridine, XLIa, 
m.p. 40409, which was identical with c&2-phenyl-3-benzyl-2Jdideuteroaziridine 
obtained by the reduction of chalcone oxime (V) with LAD. Furthermore, 3,5,5- 
triphenyl-24soxazoline (XI) was transformed on LAD reduction to the corresponding 
aziridine (XLII), which was proved to be dideuterated at the C,- and C&positions on 
the basis of the NMR spectrat 

These results clearly show the hydride attack at the Cs- and C,-positions of the 
24soxazolines, a fact that should be kept in mind for the later described conclusions 
about the mechanism 

The time dependence of the hydrogen evolved in the reaction of XIII with LAH was 
also determined volumetrically. As shown in Fig 2, the result indicates that the reac- 
tion rate is also affected by [LAH J,. On the other hand, it was found that the aziridine 
formation is neither effected by the initial concentration of XIII nor by the concentra- 
tion ratio of XIII to LAH if not less than l-2 moles LAH per mole of XIII is-used. 

The LAH reduction of 3-phenyl-24soxazoline (VI) was also checked by GLC and 
gasometry. As can .be seen in Fig. 3, one mole hydrogen was evolved gradually. This 
indicates that conversion of VI to the aziridine VII and also to the aminoalcohol VIII 
proceeded with evolution of one mole of hydrogen, since VI was converted to VII 
and VIII in a ratio of about I : 1. It is also noted that the rate of reduction of VI is 
affected by [LAH-j,. 

* In this case, 1,3dipheoyl-3-amino-3-deuteropropanol-1 was obtained in 26.8% yield instead of IV. 
t !a JzxpcrimcntaL 
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(0 ‘2iDso4oQ&Jioeiado 
min 

RQ. 2 Tbe evolved H, gas in the reaction of tro~-3,4.S-triphenyl-2-isoxazoline (XIII) with 
LAH in THF. 

Reaction temp : 25.0’ A: 097M 
[XIII],: 004M [LAH], B: @064M 

c: Oa48M 

FIG. 3 Reaction of Zphenyl-2-isoxazoline (VI) with LAH in THF. 
Reaction temp : 250’ [LAHlo : 0*4M &-O 2-Isoxaxoline (VI) 
[VI],: 004M y Tbe produced cis-2-phenyl-3-methylaziridine (VII) 

-A H, gas evolved 
[LAH],: 008~ 0 --0 2-Isoxaxoline (VI) 

On considering the reaction mechanism, it should be recognized that [LAHlo affects 
the reaction rate both in the reduction of 2-isoxazoline and of the oxime O-methyl 
ether Ic. We first predicted an azirine intermediate in the formation of aziridines from 
oximes.2* I9 Kotera et al . ” recently studied the mechanism of the aziridine formation 
using dihenzylketoxime, based mainly upon its kinetic studies. They showed that an 
azkine intermediate is most reasonable for the intermediate and the reaction proceeds 
as illustrated in Chart 6. The azirine intermediate is also supported by the fact that 
tre!atment of 23disubstituted azirines with LAH has been reported by Hassner and 
Fowler” to give the corresponding cis-aziridines as in our case in good yields. 

+ l4# - II 
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The similarity of the reduction course of 24soxazoline and dibenzylketoxime (Ia) 
or its O-Me ether Ic led us to assume that the reduction of 24soxazoline also pro- 
ceeds via an azirine intermediate. On the other hand, trans4methyl-3,5-diphenyl-2- 
isoxazoline (XVI) yielded, on LAH reduction, an unsaturated oxime (XXXV) as a 
by-product in 6.1% yield. Therefore, it seems not inadequate to assume that such un- 
saturated compounds may represent an intermediate in the course of azirine formation 
from 2-isoxazoline with LAH 

With this in mind, studies on the LAH reduction of benxalacetone oxime (XLIII), 
benzaldesoxybenzoin oxime (XLIV) and 1,2diphenyl-2-prop-l-one oxime (XX and 
XXI) were carried out for comparison with those of phenylvinylketoxime (X)” and 
chalcone oxime (V)’ previously reported All of the oximes tested gave the correspond- 
ing aziridines, although in varying yields..As portrayed in Table 5, a detailed compari- 
son of the yields of aziridine formation from the unsaturated ketoximes with those 
from 2-isoxazolines related to them shows that the former are transformed more 
easily to the corresponding aziridines than are the latter. This result indicates the 
possibility of the existence of an unsaturated intermediate in the reduction course. 

Starting material 
+unsaturatcd 

ketoximc 

Aziridinc 
“/,” 

Starting material 
2-isoxazolilx 

Aziridinc 
0 ti 
/, 

X 

V 

XL111 

XLIV 

50 WI) 

31 OI) 

33 (XXVIa) 

86 (XXVIIIa) 

36b (VII) 

31’ (II) 

7 (XxvIa) 

83 (XXVIIIa) 

xx 
XXI 

83 (XXXW 

’ Yield of ieolatcd product. 
’ Ether was ued as a solvent. 
’ Isolated aa phcnylcarboamoyl derivative. 

(d) Conclusion. From the facts and considerations described above, it may be 
concluded that 2-isoxazoline (A) is transformed to the axiridine (D) via the following 
sequence; abstraction of a proton from the Qposition in A with LAH resulting in the 
evolution of one mole of hydrogen gas and subsequent C-O bond fission leads from 

R2 
I R2 

Ri_C -C =CR, 

L! 
H- 

R,- C-C’ 
\\J \CH R- ” 

‘OM 
1 3 
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the isoxazoline (A) to an intermediate B, which is further converted to an axirine 
intermediate C by hydride attack from the C,-position followed by a cyclization 
which is accompanied by N-O bond fission. ‘Ihe intermediate C is then reduced to 
the aziridine (D) by further hydride attack from the opposite side of the bulkier group. 

This reaction mechanism, which seems most probable at present, was also supported 
by the following experimental results. No hydroxyaxiridine was obtained in all cases 
investigated. When 3,5diphenylisoxaxole (XXII), in which a double bond was intro- 
duced to C4 and C,-positions of 2-isoxaxoline, was subjected to the LAH reduction in 
boiling ‘II-IF, no axiridine was formed but the starting material was recovered almost 
quantitatively. In addition, rruns4methyl-3,5diphenyl-2-isoxazoline (XVI) was 
reduced to give two stereoisomers of the axiridine, although in poor yields, because of 
the bulkiness of the two substituents (CH3 and CH,C,H,) at C,-position of the 
postulated azirine intermediate (C). 

The reduction of 2-isoxaxolines, which are easily derived by 1Jdipolar addition 
with nitrile oxides and olelins, thus presents a new method for the synthesis of 
axiridines. These findings also suggest the possibility of aziridine formation from 
other suitable heterocyclic compounds. We continue to explore these developments. 

EXPERIMENTAL 

Mps were taken by capillary and are uncorrected, Bps are also uncorrected. The NMR spectra were 
determined at 60 MC with a Varian A-60 spectrometer using TM!8 as internal stan&rd in CDCI,. Peak 
multiplicities am represented by s (singlet), d (doublet), t (tripktb q (quartet) and m (multipkt) The IR spectra 
were measured using a Jasco Model DS-2OlB IR double-monochromatic spectrometer. LAH used in the 
expesimental was purified according to tk method of DavR et al.” THF was alao puritied under Ar 
atmosphere by refluxing commemially availabk THF ovu met&c Na for 2 days and by two redistillation 
from LAH. Adsorbents, Al,O, and SiO, wem obtained from M Woelm. 

Preparation ofXl by 1.3-dipolm addition 
A SOIII of anhyd EtsN (7.3 g) in abs ether (50 ml) was added to an ice-cooled and well stirred soln of 

benxhydroxamyl chloride (11 g) in abs ether (100 ml) and, after a few mitt, the ppt of Et,N . HCI was 
fdtmai off rapidly and washed with a small quantity d ahs ether. To the combined filtrate, a sok of l,l- 
diphenykthykne (11 s) in abs etha was added in ark portion unda cooling in ice and the mixture was 
retluxed for 1 hr. After cooling, the ppt d crude XL was filtered off R-on d the ppt (6.7 g) from 
EtOH gave pum XI (59 gh m.p MO-1415”, as needks; ed 1604,908,750,693 cm-‘; NMR: 6Q7 T (2H, 
s, Cd-H), -2.63 T (15H, m, aromatic H) (Found: C, 8424; H, 5.52; 0.5.34; N, 4.79. Calc for Cs,H,,ON: 
C, 84.25; H, 5.72; 0, 5.34; N, 4.68%). 

Frepmatim of XVI 
To an ice cooled sok of benxonitrik oxide in abs ether (200 ml), prepared from benxbydroxamyl chloride 

(1@20 g; 00653 mole) and EtsN (6.60 g; OG653 mole) in a manner similar to the case of XL oo-methylstyrene 
(590 g; 0.05 mole) was added and the mixture was stirred at 25” for 2.5 hr. Evaporation d the solvent left 
a colourless oil (105 gh which was chromatographed over neutral Al,Os (320 g, act I) Elution with ether: 
n-hexane (1: 5) gave phenylfluoxane (6.49 g) and fraction eluted with ether: n-hexane (1:4) gave the desired 
2-isoxaxolinc (2.172 g; 18.3%) which afforded, on recrystallization from EtOH, needks of pure XVI, m.p. 
815-82”; $jz 1073,923,876 cm-‘; NMR: 472 T (lH, d, .I - 5.8 H.x Cs-H), -633 r (lH, m, C.-H), 
865r(3H,d,I = 7-O Hz, CH,) (Found: C81.13; H,636;N.6.03. Cr6H,,0N requires: C, 8088;H.6.37; 
N, 59OYJ. 

Preparation of XV 
A soln of nitroethane (208 g) and Et,N (5 drops) in abs benxme (7 ml) was dropwise added at 15” to a 

soln dphenylisocyanate (660 a) and trans-stilbene (495 g) in ab henmne (42 ml) over a period 018 min. The 
reaction mixture was stirred at u)” for 35 hr, and then retluxed for further 10 hr, cooled in ice and filtered 
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to remove tk ppta Evaporation of the yellow knxene soht left an orangs residue, which gave, on distilk- 
tion under reduced press, crude XV (3.10 gh b.p 143” (@17 mmH& Further purification was carried out by 
columnchromatograpIly ova neutral Alsos (90 g act. I) Elution with ether: light petroleum (19-l : 1) 
gave the pure sampk d XV (2.327 g; 35*7%b b.p 137” (011 mmHgk v!z 1603,1075,1025,947,871 cm-‘; 
NMR:477r(lH,d,J = 75IIxC,-~5%8r(lH,dgJ = 7~5,10IIxC,-H)g2Os(3H,d,J = lOI. 
CH,) (Found: C 8080; II, 645; N, 5.87. r&H,,ON requires: C, 8098; H, 6.37; N, 5soOk) 

Preparation qf2-isoxosolins XVII and oximes, XX arnf XXI,fran desoxybenwin 
A sohi of desoxyknzoin (2047 g) parafonnaidehyde (626 g) amI Me,NH. HQ (17.00 g) in EtOH 

(70 ml) and cone HQ (1 ml) was reIluxed for 8 hr. and poured into HsO (150 ml) containing cone HCl 
(75 ml) Aftcr washing with ether, tk mixtute was basikd with zo% KOH, and extracted with ether. The 
extract was washed with H,O, dried ovu anhyd K&O, and evaporated to dryness leaving a colourless 
residue (944 g; 35.7%) m.p 77-78.53 which was recrystalked from n-h exane+tha to yield pute XVIIIa, 
mp. 78-79” as prisms; PA* 1671. 1663 an-‘. (Found: C, 8044; II, 7.62; N, 536 C,,H,,ON requires: 
C, 8057; II, 756; N, 5.53%) 

A soln of XVI& (628 mg) and NH,OH . HCY (186 mg) in EtOH (30 ml) and pyridine (60 ml) was left 
at room temp overnight Evaporation d the solvent under reduced press let? a residue, which was ex- 
tracted with ether. Tk ethereal extract was washed with H,O, dried ova K&O3 and evaporated to give a 
crystalline residue (688 mg), mp. 128-143°, which yielded, on two reuysmlkztions from AAcOEt, 
needles of pure XVIII4 (480 mg; 72.7%A lap. 156-1599 (Found: C 7591; II, 7.49; N, 1034. Ci,H,cON, 
requires: C, 7608; II, 7.51; N, 1044%) 

A solo d XVIIIb (8.52 g) and Me1 (90 g) in MeOH (400 ml) was kept at roan tcmp overnight. After 
evaporation the residue (13.332 gl was twice recrystaIked from EtOH to give pure XIX (1@232 g), mp. 
187-1875” (dec), as prisms (Found: C, 52.75; II, 5.98; N, 6.80; I, 31.18. C,sH,,IONs requires: C, 52.71; 
H, 5.65; N, 6.83; I, 3092%) 

A warm sob, of XIX (1023 9) in EtOH (250 ml) was added to tk soln dEtONa in EtOH, prepared from 
metallic Na (5.74 g) and EtOH (180 ml) ,aml tk mixtute was relluxed for 6 hr. After addition d H,O (400 
mlb tk mixture was extracted with ether. The extract was washed with HsO, dried ova anhyd NasSO, 
and evaporated to give a crystalline residue (4913 gX which was twice recrystaIIixed from EtOH to yield 
tk pure sampk ofXVII(l.517 J mp. 121-121.5”; +d* 16031591, 1073, 1032 942,892 cm-‘. (Found: 
C, 8092; II, 590; N, 6.15. C,,H,sON requires: C, 8069; II, 5.87; N, 6.27%) Tk mother liquor oftk rt- 
crystallimtions was evaporated to dryness leaving a yellow oil residue (339 g) which was chromatographed 
over neutral SiO, (170 g act II) Elution with benxene:light petroleum (3:7’) leg crude XXII (262 mg; 
4.7x), which was recrystalhxed from n-hexane-etha to afford the pure samplq mp. !30-905” as rods, un- 
depressed on admixture with an authenti sampk d 34diphenylisoxaxolc Furtha elution with knxene: 
light petroleum (1: 1) gave anotha crop d XVII (438 mg) Total yield of 3&diphenyl-2-isoxaxolik was 
1.955 g (35.l%l Fractions eluted with tk sark solvent gave syn-oxim XX (154!3 g; 27.8% which, on 
recrystallization from n-hexane-ether, atforded tk pure sample, mp. 1115-l 12.5” as prisms; PA” 3230, 
1614 1574.1227,1020,939 cm-i; NMR: 392 r and 468 r (2H, s, vinyl-H) (Found: C, 8045; II, 591; N, 
6.25. C,,H,,ON requires: C 8069; II, 5.89; N, 627%) Furthu elution with benzene and Chf: benzene 
(1:19) gave anti-isomer XXI, which was recrystallimd from n-hexane-etha to alford the pute sample, 
mp. 130-132” as rods; vf”‘“’ 3248.15981570, 1075,982,908 cm-‘; NMR: 4.42 7 and 468 T (2H, d, I = 
10 IIx vinyl-H). (Found: C, 8@70; II, 591; N, 6.16. C,,H,sON requires: C, 8069; II, 5.89; N, 6.27%). 

LAH ieductim qf III 
A soln d III (la18 g) in THF (10 ml) drag dropwise added with stirring at lo” to a suspension of LAH 

(0692 g) in THF (40 ml) ova a period of 5 min and tk mixtun was refluxed for 3 hr. Under cooling in ice. 
tk excess LAH was decomposal with Hz0 and the mixtute was extracted with ether. Evaporation d the 
organic layer, which was dried over anhyd K&O, leg a yellow oily residue (0997 gA which was chromate 
graphed over neutral Also, (40 g, act I). Elution with n-hexane :ether (19: 1) alforded a crystalline ariridine 
II (@291 g; 305 %), which was twice recrystallized from n-hexanecther to give needles of II, m.p. 465- 
47”, undepressed on admixture with an authentic sample of cis-2-phenyl-3-knxylaxiridine Fractions eluted 
with McOH:ether (1:9-3:7) afforded, after evaporation a crystalline residue (@265 g; 25.6%X which 
was recrystallized 3 times from knxene-AcOEt to give needles of IV. m.p. 115-l 16.5” (Lit.” m.p. 121-122”): 
+A* 3348,3265,1607,1036,886,750 cm-‘. NMR: 591 t (1-H t, C,-HA 5.87 I (1-H t, C,-H), -805 r 
(2-H m, C,--H) (Found: C, 7932; H, 766; N, 6.15. Calc for CisH,,ON: C, 7926; II, 754; N, 6.16%). 
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A soln of VI (1419 s) in THF (10 ml) was dropwise added klow 10“ with stirring to a suspension of 
LAH (l%O g) in THF (So ml) arxl tk mixture was refluxed for 3 hr. Working up left a yellow oily basic 
residue, which was chromatograpkd over neutral AI,O, (40 g act II) Elution with ether :n-hexane 
(19-l :4) afforded tk crude axiridik (337 mg; M-S%), which was recrystaIked from n-hexane to give 
needles of VII, mp. 43-44.53 identical with cf.+2-phenyl-3-methylaxiridik in ail respects, Fractions eluted 
with MeOH :etha (1:19-l : 1) gave a crude amin~aIcohol(491 mg; 469x), which was twice recrystallized 
from benxene-AcOEt affording needles d pure VIII, m.p. 755-76” (Lit.” m.p 73”); pd” 3308, 3250. 
3110 cm-‘. (Found: C, 71.47; H, 840; N, 942 Cak. for C,H,,ON: C, 7148; II, 8.67; N, 9.27%). 

LAH reduction of Xl 

k Heating under reflwc A soln of Xl (1.217 g) in THF (35 ml) was dropwis added below lo” with stirring 
to a suspension of LAH (1.40 9) in THF (40 ml) and the mixture was refluxed under Ar and slight press 
for 1 hr. Working up left a residue (1.226 g), which was chromatographed over neutral Al,O, (94 g act II). 
Elution with ether:&@ petroleum (1:7-l : 1) left a crystalline residue (250 mg; 2@90/,), which gave pure 
axiridine XXIII, mp. 1185-120”, on recrystahixation from ether-n-hexane: pdd 3206 cm-i (NH). (Found: 
C, 88-50; II, 680; N, 499. CslHlpN requires: C, 88.38; II, 6.71; N, 4.91%) Elution with ether and MeOH : 
ether (1: 19) gave 212 mg (17.3’4 dcrudc XXV, which was nmystallized from n-hexane-etha to give needles 
d pun XXV, lap. 144-145”. Y”d* 3338, 3285 cm-’ (NH, OH) (Found: C 83.18; II, 6%; N, 
4.65. C,,H,,ON requires: C, 83.13; I-I, 698; N, 4.62%) 

R At 40”. To a stirred slurry d LAH (14 gl in THF (75 ml), XI (l-20 g) was added under a stream of Ar 
and tk mixture was stirred at 40” under Ar and slight press for 5 hr. Working up left a residue (1.294 g), 
which was chromatographed over neutral AlrO, (80 g act II). Elution with ether:Iight petroleum (1:19- 
1:11) left recovered XI (600 mg; 91%) and elution with ether:light petroleum (1:5-1:3) left XXIII 
(119 mg ; 105%) Fractious elutal with ether :light petroleum (1: 1) and ethu afforded a crystalline residue 
(255 mg; 21.3’4 which gave pum oxime XXIV, m.p. 1435-1453 on recrystalkation from light petroleum- 
ether, as needles; P&d 3240 cm-i, NMR: 6.45 T (2H, d, J = 80 Hx -CH,-), 558 r (lH, t, J = 80 IIx 

CH() (Found: C, 83.41; H, 6.10; 0, 5.20; N, 4.65. C,,H,,ON requires: C, 83.69; I-I, 6.35; 0, 534; N, 

468%). 
C. At 25”. To a suspension of LAH (79.2 mg) in THF (15 ml), XI (776 mg) was added and the mixture 

was stirred at 25” for 1 hr. Worlring up gave quantitative recovery d XI. 

LAH reduction sf XXIV 
LAH (140mg)wasaddedtoasolndXXIV(104mglinTHF(6 ml) UnderastreamdAr and the mixture 

was stirred at 40” for 4 hr. Working up left a residue (86 mg) which was chromatograpbed over neutral 
AI,O, (56 g act. II). Elution with cther:light petroleum (19-l :4) gave crude XXIII (21.2 mg; 21.5yd and 
fractions eluted with ether gave tk recovered XXIV (17 mg; 164%). 

LAH reductiar 4x11 
A soIn d XII (2938 g) in THF (20 ml) was dropwise added with stirring at 15” to a suspension of LAH 

(193 g) in THF (80 ml) and the mixture was stirred at 30-31” for 4 hr. Working up left an oily residue 
(1677 B) whi& was chromatographal over neutral Al,O, (80 g act. II) Elution with ether: light petroleum 
(1: 10) and ether let? a mixture (736 ms) including XXVIa, and fractions eluted with McOH :ether (1: lO- 
1: 1) and those with 10% HClaq, which were extracted with ether afta basihcation with KOH, gave oily 
XXVII (733 mg) The above mixture was further chromatographed over SiO, (52 g, act. II). Elution with 
n-hcxane:ether (1: 1) left oily a&dine (138 mg; 7.3%) attempted crystaIlixation d which failed, and 
fractions with 10% HClaq left oily XXVII when extracted with ether alter basification of the acidic layer. 
Total yield of XXVII was 832 mg (394yd; NMR: 5-17 I (lH, m, C-H), 650 T (3-H. NH, and OH), 
-6.86 T (lH, m, C&I), 8.35 r (ZH, m, Cr-H), 8.88 r (3H, 4 J = 65 IQ CHa). 

The-a&dine XXVIa was &am&u&d as pnitrobenxoatc To a cokl soIn cf XXVIa (126 mg) and 
Et,N (63 mg) in abs benzene (4 ml), a soln dpnitrobcnmyl chloride (126 mgl in abs benxene (5 ml) was 
drolswise added with stirring The mixture was left at room temp for 1 hr and tk ppt was filtered off 
Evaporation d tk filtrate in VOCU~ kft a crystaR& residue (240 mg) (m.p lOO-106”), which was recrystal- 
lized from ether to yield the pure sampk d p nitrobcnmate XXVIb (91 mg; 60/J, mp. 114+115”, as 
prisms This was identical with tk ok obtained from XLIII in all respects as described later; CA” 1663 
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cm-‘. NMR (100 MC): 8.49 r (3H, d, J = 60 Hz, CHsX 7.29 r (lH, broad quintet, J = 55 Hx C,-H). 
(Found: C, 68.53; II, 5.59; N, 945. C,,H,,O,N, requires: C 6890; II, 544; N, 9.45%). 

LAH reductial q(XIII 
(a) At 209 A soln of XIII (1455 g) in THF (30 ml) was dropwise added at 4-T with stirring to a suspen- 

sion of LAH @737 g) in THF (60 ml) and the mixture was stirred at 20’ for 4 hr. Working up leh an oily 
residue (15CB g), which was chromatograpkd ovtx neutral Al,Os (76 g act I) Elution with ether :n-htxanc 
(19-l : 1) afforded crude XXVIIIa (1.146 g; 82*6y& rap 83-&+5’, which gave needles dtk pure sample,* 
mp. 855-863 after two recrystallixation from n-hexanactha; pdd 1126, 1073, 1030, 957, 887 cm-i. 
(Found: C, 88.15; H, 6.65; N, 491; MW, 287. CsiH,,N requires: C 88.38; H, 6.71; N. 491%; MW, 
28537). Elution with ether: n-hexane (3 : 1) and etha left crude amino-alcohol (189 mg; 129%), which was 
recrystalked 3-times from benxeneAcOEt giving the pure sample d XXIX, mp 150-151.5”; Ps 1097, 
1048, 888, 700 cm-‘; NMR: 5.20 T (H-I, d, J = 6Jl IIx C-H), -610 r (Hi, d, J = 6+l Iix C&-I), 
-6.38 r (2H, m, Cs-H). (Found: C, 83G6; II, 6.95; N. 4.45; MW, 311. C,,H,,ON requires: C, 83.13; 
H, 6.98 ; N, 4.62%; MW, 303.39). 

A soln of phenylisocyanate (25 mg) in abs ether (1.5 ml) was added to a soln of XXVIIIa (50 mgl in 
abs ether (l-5 ml) and the mixture was I& at room temp for 2 daya Filtration d the resultant colourless 
crystals, m.p. 167-174”, (50 mg; 74%) and three recrystallixation from MeOH gave XXVII& m.p. 
184-186” as colourless needles; v, mJd 3266,1666 cm-‘. (Found: C, 8329; II, 5.97; N, 6.89. CssHs,ON, 
requires: C 83.14; II, 5.98; N, 693%). 

To a cooled soln of XXVIIIa (43 mg) and EtsN (25 mg) in abs benzene (2 ml), a soln of gnitroknxoyl 
chloride (36 mg) in abs benxene (2 ml) was dropwise added with stirring The mixture was letl at room 
temp for 1 hr and tk ppt was filtered off. Evaporation dtk filtrate in wcw left a crystalline residue (65 mg), 
which was twice recrystalked from ether affording needka d XXVIIIc, m.p 1395-1405”; P&d 1650, 
1604 cm-‘. (Found: C, 7694; H, 494; N, 6.53. C,,H,,OsN requires: C, 7740; II, 5.10; N, 6.450/. 

(b) At 2&25” under D stream o/Ar. Ar was passed into a stirred suspension d LAH (l-2 g) in THF (80 ml) 
at 20-25” for 30 min at a rate of 3U ml/nun. To tk above mixtum., XIII (1.497 9) was added at once with 
stirring under a stream d Ar and the reaction mixture was stirred at tk sark temp for 35 hr. Working up 
leg crude XVIIIa (l-479 g), which on columnchromatography over neutral Also, (115 g act IIL afforded 
tk pure sampleofXXVIIIa(1~255 g; 88P& from tkfractions eluted with ether: light petroleum (1: 14-l :4). 
No XXIX was obtained from furtha elution with ether. 

(c) Heating under r&u. A soln dXIII (1QZ g) in THF (40 ml) was dropwise added at 8-10” to a stirred 
suspension of LAH (511 mg) in THF (40 ml) and the mixture was refluxed for 3.5 hr. Working up left a 
crystalline residue (l-128 g), which was chromatographed over neutral Also, (40 g act II). Elution with 
n-hexane afforded truns-stilkne (101 mg; 16.3%) and elution with ether: n-hew (3:97-l :9) gave desoxy- 
benxoin (170 mg; 300x), m.p. 52-56”, and elution with ether: n-hexane (1:2) gave XXIX (340 mg; 33.50/. 

LAH reductim OfXIV 
A soln of XIV (309 mg) in THF (74 ml) was dropwise added under cooling in ia to a stirred suspension 

of LAH (160 mg) in THF (10 ml) and the mixture was stirred at 20” for 5 hr. Working up left a yellow 
oil (300 rngh which was chromatographed over neutral Also, (15 g act II) Elution with ether: n-hexane 
(1:19-l : 9) left a crystalline residue whi& was crystallized from n-hexane-etha giving tk pure sampk 
of XXVIIIa, m.p. 855-&S”, (151 mg, 51.3x), undepreased on admixture with tk one obtained from XIII. 

LAH reduction o/XV 
A soln d XV (1049 g) in THF (10 ml) was dropwise added at lo” with stirring to a suspension of LAH 

(0670 g) in THF (40 ml) over a period of 3 mitt and the mixture was stirred at 35-38” for additional 3.5 hr. 
In this case, XV was found by examination by TLC to disappear a&w stirring for 30 min. Working up leg a 
residue (912 mg) which was chromatographed OVQ neutral Also, (45 g, act II). Elution with ether:ligbt 
petroleum (1~20) gave oily a&dine (692 mg; 70-l %), which afforded pure XXXa, on distillation 
under reduced press, b.p. 131” (l-7 mmHg); tig 3281 cm-‘. (Found: C, 8550; II, 7.74; N, 6.12 CL6H1,N 
requires: C, 86a5; H, 767; N, 627%) The derivative XXXb (74 mg; 735%), prepared by treatment of 
XXXa (74 mg) with phenylisocyanate in abs ether had a m.p. of 101-104°, needles from n-hexancether; 
p&” 3271.1656. (Found: C, 8074; H, 638; N, 8.27. Cs3Hs20N1 requires: C, 8067; H, 648; N, 8.18%). 

l The axiridine XXVIIIa, on tefluxing with LAH in THF, decomposed easily to unidentiIkd compounds. 
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LAH reduction of XVI 
A soln of XVI (1.455 g) in THF (15 ml) was dropwise added at 15” with stirring to a suspension of LAH 

(0933 g) in THF (60 ml) and stirring was continual at 30-35” for 3.5 hr. Working up kft an oily residue, 
which was chromatogm&d ovu neutral AllO, (42 g act. II). Afta raxvery d XVI (62 mg) from the 
fractions elutaI with ether zlight petroleum (1:49h elution with the same sohent gave XXIII (209 mg ; l-5 %b 
which was recrystallized from n-hcxanectha yielding the pure sampk, m.p. 7677”. aa needlea (Found : 
C, 8619; H, 7.77; N, 623. CLIH1,N requires: C, 8mS; H, 7.67; N, 627%) Furtbuelution with the same 
sotvent afforded XXX11 (35.1 mg; 2*6”/.), which gave n&lea of the pure sample+ mp. 445-455”. on re- 
crystaIli.zation from n-he.-; 9, 3226 cm-‘. (Found: C, 85-94; H, 7.71; N. 608. &H,,N 
requires : C, 8605 ; H, 7.67 ; N, 627 %). Elution with ether light petroleum (1:19-l :5) left a crystalline residue 
(88.6 mg; 61x), which WBB rccryetallized from n-hcxane-ether giving the pure aampk of XXXV, m.p. 
l~121°,~prisns;~~3201cm-‘;~R:~33~(lH,~1 - 2OHz,vinyl-H)7*88~(3H,d,J = 20I.4 
CH,). (Found: C, 81.14; H, 640; N, 5.77; MW, 221. r&H,,ON requires: C, 8098; H, 637; H, 637; 
H, 590 % ; MW, 23729) Elution with cthes and I&OH :ctha (1 :lO), and etha ceactioo of the eluatc with 
10% HClaq after basification gave XXIV, which alJordcd needles of the pure sample., m.p. 98+99”, 
on recrystallization from n-hexanectber; ~~3311,3271.1040 cm-‘; NMR: 5-417 (1H. d, J = 94 Hz, 
C,-H),-7~57(lH,m,C,-H),9.707(3H,41 = 60HqCH,).(Found:C,7925;H,7*85;N,5*39.C,,H,,ON 
requires: C, 7963; H, 794; N, 580%). 

LAH redvcffrm c$XVII 
(a) In aher. A soln of XVII (310 mg) in abe &ha (?4l ml) was dropwie added at 13” to a stirred suspension 

ofLAH(2l0mg)ina~ethcr(l0ml)ovaapcriodd5min~thcmixturcwpsstirradat28”for5hr. 
Working up kft an oily r&due (297 mg), which was chromatographcd ow neutral Al,Os (15 g, act. II). 
Elution with cther:n-hcxanc (1:3) gave crude XXXVI (34 mg; ll*By& which was rcuystallized from 
n-hexnnc-ctha yielding prisms of the pum aample, mp 585-59”; cd 3zS5, 1603.1252, 1071,1039,981. 
860 cm-l. (Found: C, 85.84; H, 7.35; N, 658. CI,H,,N requires: C, 8608; H, 722; N, 669%) Elution with 
McOH-etha (1: 19) gave 2,3diphcnyl-3-amino-propnnol-1 (189 mg; 59*80/.), which wan characterized 
as its hydrochloride, m.p. 226-227” needle after two wons from EtOH ; P~13481,1603, 1568, 
1086 cm-‘. (Found: C, 68%; H, 704; N, 5.12; Cl, 13.72 C,sH,,ON*HCl: C, 68.30; H, 6.88; N, 5.31; 
q 1344%). 

(b) In THF under a stream of Ar. Ar was pnsd at -20”for20minintoaslurrydLAH(605me) 
in THF (20 ml). XVII (177-9 me) was added and the mixture wan kept at - 15” for 4 hr under a stream 
of Ar. Working up 1eA crude XXXVI (166 m& which, on column-chromatography ovct neutral Al,Os 
(6-8 g, act. II), afforded pun XXXVI (1uI mg; 82-7’A from tk fractions elutal with cthcr:n-hexanc (1:4). 

When the reduction was c&cd out without a stream of Ar, ncithu XXXVI nor XVII was obtained, 
even though the reaction temp was varied in a range d 0” to r&x (i.e., 0”. 20’. r&x). 

LAD reducfio?i ogx111 
A aoln of XIII (224 mp) in THF (5 ml) ~88 drop* added under cuoling in ice to stirred suspension of 

LAD (125 mg) in THF (8 ml) aml stining wan continual for 5 hr at 2!?‘. Working up left a residue (220 mg). 
which was chromatographal over neutral AllO, (11 g act. II). Elution with cther:n-hexanc (1:9) gave a 
residue, which was rcqatallizzd from n-hcxanee&r yielding the pure sample of dideuteratal XL (85 mg), 
m.p. 85-85.5” as rods; v&z 1069,981,872 cm-‘. (Found: C, 8747; Ii, 6-01; D, 140; N, 5.27. Co,H,,DIN 
requires : C, 87.77 ; H, 596 ; D, 1.39 ; N, 4.87 %). 

LAD r&cc&m 4111 
AsohrofIII(MOmg)inTHF(Sml)was&opwireaddcdundar~linginiatoasu~onofLAD 

(188mg)inTHF(~ml)lodtbemhrturrwasrdluxedfor3hr.W~upldt~oi1(51lmg),whicbwas 
chromatographed ovcx neutral AI,O, (20 g act II). Qution with ctbcr: a-hexanc (1:19-l :9) gave crude 
XLIa (91 mg; 1910/,x which wae rscrystclllizsd from n-he to a&d needlea of the pure sampk. 
mp. -5”. Trcatnxnt of XLIa with p&nyIkoqx~te in abo ctbw alTorded XLb mp. 123-124”. as 
needle t&n n-hcxane-cther, which was i&ntiIkd by m&I mp. and corn&son d the IR rpecta with 
an authentic sample of XLIb pmparcd by LAD reduction of V. Furthu dution with McOH :cthu (1:9) 
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alforded lS_dipbcnyl-3-amino-3_deutcropropanol-1 (137 mg; 26*8x), which, on recrystallization from 
bcnzncAcOEt, yielded the pun? samplq mp. 115” as needlea; NMR: 593 s (lH, f J = 65 & C,-H), 
687 T (3H. broad-q NH, and OH) 8-05 T (2H, d, J = 6.5 Hz C,-H). (Found: C, 7893; H, 7Q5; D, @88; 
N, 606. CIsH,,DON requires: C, 7892; H, 706; D, @88; N, 6.14%). 

LAD reduction ojXI 
Unda a stream of Ar, XI (621 mg) was added at 10” to a suspension of LAD (600 mg) in THF (30 ml) 

and tk mixture was rcfluxcd for 75 min Working up left a residue (610 mgX which, on columnchromato- 
graphy ova neutral Al,Os (45 g act. IQ affordal crystalline XLII (106 mgl from fractions elutcd with ether: 
light petroleum (1:4-l : 1) Two rccrystallizations from n-hcxane gaw pure XLII, m.p 1185-120”; NMR : 
7a T (1H. C;-H), 8.70 T (1H. NHj (Found: C, 87.43; H, 5%; D, 1.38; N, 4.81. CzIH,,DIN requires: 
C, 87.77; H, 596; D, 1.39; N, 4.87%). 

LAH reduction ojXLII1 
A soln of XL111 (2022 g) in THF (20 ml) was dropwise added with stirring at 10“ to a slurry of LAH 

(096 g) in THF (50 ml) and the mixture was rclluxed for 3 hr. Working up IelI a yellow oil (1.813 g), which 
was chromatographcd ova Al,Os (54.3 g act. I). Fractions elutcd with light pctrolcum:btnzcnc (7:3-l : l), 
and benzene : CM (9 : l-3 : 1) gave crude XXVIa (609 rngl, almost pure according to TLC Treatment of the 
crude XXVIa with pnitrohcnzoyl chloride and Et,N aliordai the N-pnitrobcnzoyl derivative of XXVIa, 
which on recrystallization from a&one-ether gave the pme p-nitrobcnzoyl derivative, m.p. llSll55”. 
This was identical with XXVIb obtained from the aziridine horn XII. 

LAH reduction o~XLN 
A soln of XLN (715 mg) in THF (15 ml) was dropwise added undo cooling in ice to a stirred suspension 

of LAH (363 mg) in THF (25 ml) and the mixture was stirred at 40” for 4 hr. Working up left a yellow oil 
(666 mg), which was chromatographcd over neutral Al,4 (20 g act. II). Elution with cthcr:n-hexanc 
(1: 9) gave the aziridine (586 mg ; 86-l%), which afforded, afta three recrystallizations from n-hexanexthcr, 
pure XXVIII, m.p. 8-6” as rods, identical with that obtained by LAH reduction of XIII. 

LAH reduction ofsyn-oxime XX 
A soln of XX (304 mg) in THF (5 ml) was dropwise addal at lo” with stirring to a suspension of LAH 

(207 mg) in THF (10 ml) over a period of 10 min and the mixtun was stirred at tk same tcmp for 45 min. 
Working up 1eA crude aziridine (279 mg ; 97.8 %), m.p. 4%53”, which was recrystallized from n-hcxandcr 
to give pure XXXVI, m.p. 58-59” as prisms, identical with that obtained from XVII. 

LAH reduction ofanti-oxime XXI 
A soln of XXI (58 mg) in THF (l-5 ml) was dropwise added at 5” to a stirrul suspension of LAH (39 mg) 

in THF (2 ml) ovex a period of 5 min and tk mixture was stirred at lo” for 1.5 hr. Working up left crude 
a&dine (46 mg; 84*6%), which, on column&romatography over neutral A&O, (1.5 g act. II), afforded 
pure XXXVI, m.p. 58-58.5, identical with that prepared by LAH reduction of XX. 

Stoichiometry (4 the LAH reduction 
All reactions and solns were kept undo a dry Ar atm In a dry llask, fitted with a rubba syringe cap, 

magnetic stirring bar, Ar inlet, and connection to a gas burd oia a spiral rcllux condcnsa and a dry-kc 
vapour trap, a soln of the compound and LAH in THF stirred at the desired tamp in a constant tcmp bath. 
The H, evolved was collcctai and measured periodically. Afta tk react& was stopped, the soln was 
hydrolyzed by injecting a small quantity of H,O or lN-H,SO, and the amount of H, evolved was detcr- 
mined, A blank reaction was performed under identical conditions, but without addition d the compound. 
From tk differences in yields of H2 in two QLS~S tk hydride utilized by tk compound and tk Hz evolved 
wen calculated, as shown in Tablca 3 and 4. 

In tk case of XIII, the frcczc-thaw method was used because of the sensibility of tk reaction to 0% 

GLC analysis of the LAH reduction 
AU tk reactions were carried out in a dry Ar atm A mixture of the compound and LAH in THF was 

stirred in a constant temp bath until the reaction went to completion in a manna similar to tk studica on 
stoicbiometry. A suitabk internal reference was used in each case In tk casa~ of XIII and XN, tk reaction 
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mixtute was also prepared by the freeze-thaw method. In the c88t8 of Ic and VI, several aliquots, usuaBy 
1 ml, were periodically taken out, the residual hydride was decomposed with a small amount of H,O, 
and then the filtrate was injected into the gas chromatograph. 

GLC was performed using a Hitachi gas chromatograph ModeJ K-53 equipped with game ionization 
detector and using N, as auria gas Standard columns, 1 m x 3 mm, of N, as carrier gas Standard columns, 
1 m x 3 mm, d stainks steel tubing were employed in all c88tg Tabk 6 lists all the GLC data in this work. 

Characterization of MeOH produced by treatment of Ic with LAH us its a-naphthykarbamoyl deriuatiw 

A mixture of Ic (4884 mgl and LAH (190 mp) in THF (25 ml) was stirred at 40” for 6 hr. Afta tk decom- 
position of excess hydride with HsO, tk reaction mixture was subjected to distillation and redistilled 
t&r drying over K,COs. To tk distillate, a-oaphthylisocyanate (355 mgl was added and tk mixture was 
refluxed foi 1 hr. After cooling tk ppt was f&red off After the removal d the solvent, ligroiu was added 
and tk mixture was filtered. Evaporation of tk filtrate left crude a-naphthylurethane, which was re- 
crystallized from ligroiu to afford prisms d the pure sample, m.p. 1191205”, uodepressed on admixture 
with an authentic sample prepared from Me-OH. 
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