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available.20 Alternatively, they were analyzed as their HCl salts. 
Preparation of the Oximes (E)- and (2)-6a-d.-The E oximes 

were prepared by standard procedures'@ and isomerized to their 2 
counterparts by the method of Crawford and Wo0.2~ The melt- 
ing point data are given in Table I. 

Reaction of E and 2 Oximes 4a and 4b with Chlorosulfonyl 
Isocyanate.-Each of the oximes (0.01 mol) was dissolved in 
anhydrous benzene and treated with chlorosulfonyl isocyanate 
(0.01 mol) a t  room temperature. The precipitate that formed 
was collected by filtration and washed with hexane. The adducts 
were permitted to stand in aqueous solution (20 ml) overnight and 
filtered and the solids obtained were examined by pmr (acetone- 
de) spectroscopy. E oxime and 0-carbamoyloxime (2: 1, re- 
spectively, by comparison to known mixtures) were found in each 
case. 

Reaction of Aldehydes with Hydroxyurea .-p-Bromobenzalde- 
hyde (1.0 g, 5.4 mmol) and ;L'-hydroxyurea (814 mg, 10.7 mmol) 
were mixed, a t  room temperature, in ethanol-water (2:  1) (25 ml), 
and acid (1.9 ml, 1 9 HC1) was added. The solution was heated 
to reflux for 1 hr and poured over ice. The solid so generated 
(677,) was identified as (E)-p-bromobenzaldehyde oxime by com- 
parison with a known sample (v ide supra). In a similar fashion, 
but without heating, m-nitrobenzaldehyde yielded crystalline 
(E)-m-nitrobenzaldehyde oxime (837,). I t  should be pointed 
out for this latter material that tlc (2: 1 benzene-ether) always 
demonstrates a small amount of 2 contaminant. The 2 isomer 
cannot be detected by pmr. 
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In  earlier papers, the conversion of l,Zdiols, 1, into 
esters of the corresponding chlorohydrins, 2, was ac- 
complished by two methods: A, reaction with an a- 
keto acid to produce a ketal acid, 3, followed by treat- 
ment of the latter with phosphorus pentachloride or 
thionyl ~ h l o r i d e , ~  and B, reaction with trimethyl 
orthoacetate to form a cyclic ortho ester, 4, followed by 
treatment with triphenylmethyl (trityl) ~ h l o r i d e . ~  In  
both cases the reactions were shown to be highly regio- 
and stereospecific. Since the chlorohydrin esters are 
readily converted into epoxides by suitable treatment 
with bases, the synthesis of optically active epoxides 
is readily accomplished. 

A disadvantage of method A is that the yields of 3 
based on 1 lie in the 50-70Cr, range. The yields of 4 
in method B are excellent but the removal of methyl 
trityl ether can be troublesome. In  this paper we 
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TABLE I 
REACTIONS OF CYCLIC ORTHO ESTERS \VITFI (CH3)3SiC1 

Ortho (CHs)v- Yield, 
Cyclic Time, ester, SICI, % 

ortho ester 4 hr mmol mmol a 
4a, Rl = CHI; Rz = H 2 20.3 33 S6a 
4b, Ri = Ph; Re = H 1 . 5  17.8 28 91* 
4b, RI = Ph; Rz = H 2 11 3 12 92c 
4c, Ri = Rz = CHD 1 . 7  11.8 19 97d 
4 ~ .  R1 = RI = CH, 5 35 37 73e 
(CH,j,CO - OCH3f 

I >c< 0 . 5  20.6 26 899 
HzCO CH3 

a Bp 48-49' (25  mm). This compound was 1-chloro-2-propyl 
acetate as shown by nmr. However, no europium shift reagent 
was used as was the case when the same compound was obtained 
previously and shown to contain about 6y0 of 2-chloro-1-propyl 
acetate (see footnote 7 in ref 4). * Bp 83-85' (0.2 mm), inac- 
tive, mixture of about 95% 2-chloro-2-phenyl acetate and 5% 
2-chloro-1-phenyl acetate. [aIz6n 86 + 1' ( c  3.550, CHC13). 
Treatment with sodium hydroxide gave (R)-( - )styrene oxide, 
C Y ~ ~ D  34.1" neat, 1 dm, of 9770 optical purity [the highest rota- 
tion for styrene oxide, 35.2' neat, 1 dm, is reported by C. R. 
Johnson and C. W. Schroeck, J .  Amer. Chem. SOC., 93, 5303 

(52 mm), inactive. e The center cut only, bp 75.5-76.0" (34 
mm), was taken for measurement of optical activity, CPD 13.32', 
neat, 1 dm. Treatment with sodium hydroxide gave ~ - ( + ) - 2 , 3 -  
epoxybutane, aZ6n 45.6", neat, 1 dm [P. J. Leroux and H. J. 
Lucas, J .  Amer. Chem. Soc., 73, 41 (1951), report C X ~ ~ D  46.75'1. 
f Bp 82.0-82.5' (85 mm); nmr [CCla, (CHI)&] 6 3.75 (s, 2, CHZ), 
3.22 (s, 3, OCH,), 1.45, 1.35 [2 singlets, 6, (CH3)2C], 1.27 [s, 3, 
OC(CH3)OI; molecular ion, 146. Anal. Calcd for C&03: 
C, 57.5; H, 9.7. Found (analysis by Galbraith Laboratories, 
Knoxville, Tenn.): C, 57.5; H, 9.6. This new compound was 
prepared by the method de~cribed.~ .o Bp 63.5-64.5" (23 mm) 
[A. Bruylants, hl. Tits, C. Dieu, and R. Gauthier, Bull. SOC. 
Chim. Belg., 61, 366 (1952), give bp 90-91'1. S o  isomer de- 
tected (see footnote 7 in ref 4). Nmr [CCL, (CH3)*Si] 6 4.09 

(1971)], [ y I z 6 D  -22.5 & 0.2' ( C  2.39, CHC13). Bp 83-84' 

(s, 2, CHz), 2.40 (s, 3, CH,CO), 1.77 [s, 6, (CH,)zC]. 

RICHOH 
I + RCOCOOH -+ .~ 

R ~ H O H  
1 

CHsC(0CHs)s 
1- + 

I 
RzCHO I / \ R  RzCHOCOCH3 

3 2 

RiCHO OCHs 
\ / (Ph)aCCl 

~ C -+2 + (Ph)&OCHa (B) 

RzdHO' \CH3 
4 

describe method C, in which the disadvantages of 
methods A and B are overcome. The new method con- 
sists of heating the ortho esters, 4, in methylene chloride 
with excess trimethylsilyl chloidej (much less expensive 
than trityl chloride). The conversions of 4 to 2 are of 
the same excellence as the corresponding steps in 
methods A and B. The removal of excess trimethyl- 
silyl chloride and methyl trimethylsilyl ether is easily 
accomplished by distillation. The stereochemical re- 
sults are the same as those r e p ~ r t e d . ~ ! ~  

4 + (CH3)aSiCl + 2 + (CH3)sSiOCH3 (C) 

In a typical reaction a solution of 3.46 g (17.8 mmol) 
of inactive 2-methoxy-2-methyl-4-phenyl-1,3-dioxolane4 

( 5 )  The use of (CHs)aSiCI was first demonstrated by Dr. Paul Tornstrom 
in our laboratory. 
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(4b, R 1  = H ;  Rz = Ph) and 3 g (28 mmol) of tri- 
methylsilyl chloride in 8 ml of methylene chloride was 
held at  reflux for 1.5 hr. On distillation there was ob- 
tained 3.22 g (91yo) of a 95:5 mixture of 2-chloro-2- 
2-phenylethyl acetate, 2 ( R 1  = CeH5; Rz = H), and 2- 
chloro-1-phenylethyl acetate, 2 (R1 = H; Rz = C&.5), 
respectively. This and other compounds prepared by 
the new procedure are listed in Table I. 

It should be pointed out that, while the yields of 1,2- 
chlorohydrin acetates obtained from 1,3-dioxolanes by 
method C are comparable to those by method B, the 
reaction of trimethylsilyl chloride with 2-methoxy-2,5.5- 
trimethyl-l,3,-dioxane (compound 4 in ref 4) and with 2- 
methoxy-2-methyl-l,3-dioxepane (compound 5 in ref 4) 
did not take place to give the expected chloro esters in 
good yield. 

Registry No.--Pa, 627-68-9; Zb, 6509-961; 2c, 760-86-1; 
2 [R1 = (CH&; R, = HI, 6509-93-9; 4a, 39834-09-8; 4b, 39904- 

trimethylsilyl chloride, 75-77-4. 
21-7; 4c, 42077-65-6; 4 [Ri = (CHi)?; R? HI, 42077-66-7; 
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In  relation to a screening program seeking useful 
biologically active mold metabolites, we examined fer- 
mentations of an unidentified Aspergillus species. We 
describe here the structure of a novel benzodiazepine- 
dione (I) designated LL-S49Op. In  addition to I, me 
isolated cladosporinl (asperentin,Z 11), an antifungal 

OH n Me 

I I1 

metabolite recently obtained from Cladosporium clado- 
sporiocles‘ and Aspergillus Jlavus.2 

LL-s49Op, C2jH25N303, mp 238-240°, [a]D +425O 
(NeOH), exhibits a mass spectrum characterized by a 
strong molecular ion at m/e 415 in addition to sig- 
nificant peaks at m/e 373 (M - 42), 346 (11 - 69)) 
and the base peak at  304 [ R I  - (42 + 69)]. A high- 
intensity peak a t  m/e 130 is assigned to the indoline- 
3-methylene ion.3 The general appearance of the uv 
spectrum [A,,, 210 (E 6l,OOO), 245 (22,000), and 284 
nm (sh, 3940)] is very reminiscent of the N-acylindo- 
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(2) J. F. Grove, J .  Chem. SOC., Perkzn Trans. 1,2400 (1972). 
(3) J. H. Benyon, R. A .  Sanders, and A. E. Williams, “The Mass Spectra 

of Organic Molecules,” Elsevier, New York, N. Y., 1968, p 303. 

24, 747 (1971). 

line chr~mophore,~ although the high extinction values 
indicate the presence of an additional chromophoric 
unit. 

The nmr spectrum of I discloses the presence of eight 
aromatic proton signals between 6 6.83 and 8.17. A 
sharp 3-H singlet a t  6 2.60 is assigned to the methyl of 
an N-acetyl group. Two tertiary C- methyl signals reso- 
nate a t  6 1.02 and 1.21 and, in conjunction with the loss 
of 69 mass units in the mass spectrum, are assigned to 
the inverted y,y-dimethylallyl group. Consistent with 
this is the appearance of the very characteristic ABX 
pattern of the three vinyl protons of the Cj moiety 
between 6 5.16 and 5.92.6 

The ir spectrum of I shows absorption a t  3300, 1689, 
and 1647 cm-l assigned to n“ and amide functionali- 
ties, respectively. In  fact the latter two absorptions 
strongly suggest the presence of a dipeptide systemn6 
Consideration of the molecular formula and the func- 
tionality described above suggests the combination of a 
tryptophane portion with anthranilic acid to give the 
partial structure I11 below-. The uv of 3,4-dihydro- 

n 

U 

I11 Iv 

4-methyl- 1 H- 1,4-benzodiazepine-2 , 5-dione [A,,, 2 15 
nm (e  32,100) and 291 (2180)17 superimposed with that 
of the N-acylindoline system accounts for the observed 
uv spectrum of I. 

The final molecular assembly was arrived a t  by 
examination of an ABX pattern in the nmr spectrum 
between 6 2.46 and 3.90 assigned to the geminal pro- 
tons at C-4 and the methine hydrogen a t  C-5. The 
geminal pair resonate as four-line patterns a t  6 2.46 
and 3.42 with JAB = 14, J A X  = 8.5, and JBx = 8.0 
Hz. The H-5 signal appears a t  6 3.90 as an apparent 
triplet (J  = 8 Hz). The similar J values of the cor- 
responding nrnr system in brevianamide Ej (IV) pro- 
vide a good analogy. 

Placement of the inverted terpene unit a t  C-3 is dic- 
tated by the fact that the aforementioned geminal 
hydrogens are spin coupled only to the C-5 methine 
hydrogen. A sharp 1-H singlet at 6 6.00 is assigned to 
the C-2 methine hydrogen on comparison with the spec- 
trum of a model compound.4b The singlet nature of 
this signal supports the absence of a proton at C-3. 

An exchangeable 1-H singlet (br d) at 6 8.6 is attribut- 
able to the YH of the benzodiazepinedione ring. 

The occurrence of I with the inverted c.5 unit at c-3 
is unusual and raises the question as to the mode of 
incorporation of the terpene moiety into the indolyl 
system. A chemical precedent comes from the work 
of Bycroft and Landon,8 who incorporated the in- 
verted (2.5 grouping at  C-3 by a thio-Claisen rearrange- 
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