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vapor, ammonia, and carbon dioxide served as calibrating gases
for the spectrometer.

Raman spectra of the solid samples (several milligrams) were
obtained with a Cary Model 81 spectrophotometer equipped
with a helium-neon CW laser source. Scattering from samples
placed in a conical holder was viewed coaxially along the laser
beam by the monochromator. Spectral slit widths varied from
2.5 to 3 em~!. Spectra were calibrated with atomic neon lines
and are probably accurate to =2 em ™.

A crucial point in obtaining quality Raman spectra is to elimi-
nate all traces of fluorescing material from the samples. For the
systems examined in this study, sublimation of the samples under
vacuum appears to be most effective. Under some circum-
stances, repeated sublimation is necessary.

The dimers were prepared by previously published procedures
as indicated in Table VI.

Registry No.—1, 2065-43-2; 2, 21876-87-9; 3,
712-27-6; 4, 21876-89-1; 5, 21876-90-4; 6, 21927-71-9;
7, 21899-39-8; 8 and 9, 21865-12-3; 10, 21899-40-1;
11, 17062-18-9.
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TasLe VI
Dimer Mp, °C Lit. mp, °C Lit. reference
1 126-126.5 125-126.5 4
2 69-70 6667 4
3 51-52 53-55 5
4 77-78 79-80 5
5 146-147 146-147 6
6 68-69 68-69 6
7 118.5-190 188.5-190 7
ga 112-113.5 112-113.5 7
8a 211-213 211-213 7
10 286-288 293 9
11 229-235 225-266 10

@ The structural assignments of 8 and 9 are tentative.
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Alkylation reactions of the bifunctional w-bromo-1,2-epoxyalkanes have been found to be markedly dependent

upon the solvent and the nature of the nucleophile.

In alecoholic media, compounds which generate an anion

with a localized electron pair react by opening the oxirane ring to give g-hydroxy-w-bromoalkyl derivatives. In
aprotic solvents, these same compounds react by displacement of bromide ion to give epoxyalkyl derivatives.
Compounds which generate anions with a delocalized electron pair react exclusively by displacement of bromide
ion. Subsequent cyclization reactions may occur in alcohol if the initial product can be converted into an anion
and if the proper spatial relationship exists between the epoxy group and the nucleophilic carbon.

As part of a program to prepare compounds for
screening as antimalarial agents,® a series of amino
alcohols of general structure 4 was required. Our
approach to the synthesis of these compounds involved
condensation of appropriate nucleophiles with the ho-
mologous w-bromo-1,2-epoxyalkanes 1, followed by
aminolysis of the bromo aleohol 2 (Scheme I). During
the course of this work novel solvent and nucleophile
dependent reactions of the epoxyalkyl bromides 1 were
encountered.

Results

The anions of 4(3H)-quinazolone and of phenol were
found to react with an excess of 4-bromo-1,2-epoxy-
butane (1a) in alecohol to give the expected produects,
the 4-bromo-2-hydroxybutyl derivatives 2a and 3 (Ta-
ble I). A similar reaction with 6-bromo-1,2-epoxy-
hexane (1¢) and 4(3H)-quinazolone gave the homologous
product 3-{6-bromo-2-hydroxyhexyl)-4-quinazolone
(2b). These compounds were characterized by in-
frared spectrometry (hydroxylabsorption at 3350 ecm—1),
nmr chemical shifts and coupling constants (Table 1I),
and mass spectrometry (Table III).

When the same anions were allowed to react with
the w-bromo-1,2-epoxyalkanes in dimethylformamide
or dimethyl sulfoxide, bromine free products were ob-

(1) This paper was presented before the Division of Organic Chemistry,
156th National Meeting of the American Chemical Society, Atlantic City,
N. J., September 1968, Abstract ORGN 71.

(2) M. Fishman and P. A. Cruickshank, J. Heterocycl. Chem., 8, 467(1968).

tained. Elemental and spectrometric analyses iden-
tified the products as the epoxyalkyl derivatives 5 and 6

X+ 1 oMror, X (CHo),—CH—CH,
DMSO 0]
Sa,n=2 N—
b,n-=4} X= N)
6,n=2; X=CH;0-,
(Table 1IV). The infrared spectra were free of hy-

droxyl absorption. The nmr spectra established that
the oxirane ring has been retained; chemical shifts and
coupling constants (Table V) were in close agreement
with published values for mono substituted epoxides.?
Prominent molecular ions were observed in the mass
spectra as well as daughter ions corresponding to known
fragmentation mechanisms for structures of this type
(Table VI).4

Diethyl sodiomalonate (7, R = H) and diethyl
sodiomethylmalonate (7, R = CH;) also were found
to react with the epoxyalkyl bromides in dimethyl-
formamide to give the corresponding epoxyalkylmal-
onates 8 (Table IV), as evidenced by the nmr chemical

(3) E. Lippert and H. Prigge, Ber. Bunsenges. Phys. Chem., 67, 415
(1963).

(4) H. Budzikiewicz, C. Djerassi, and D. H. Williams, ‘“‘Mass Spec-
trometry of Organic Compounds,”’ Holden-Day, Inc., San Francisco,
Calif., 1967, pp 450-458.
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TasLe 1
w-BROMO-8-HYDROXYALKYL DERIVATIVES

X-CH,-CHOH—(CH,)»~Br

Com- Reaction  Reaction Yield, Mp or Caled, % Found, %
pound X n  solvent®  time, hr % bp (mm), °C Formula o] H N o] H N
2a 3-Quinazolonyle 2 M 3 56 142.5-145¢ CpHBrN,O, 48.5 4.38 9.43 48.9 4.38 9.66
2a 3-Quinazolonyle 2 B 3 8 143-1454
2b 3-Quinazolonylc 4 M 240 23 89-904 CuHyBrN,O, 51.7 5.23 8.62 51.7 5.47 8.37
3 CeH:O 2 E 3 46 107(0.06) CyH13BrO; 49.0 5.31 32.7 49.3 5.52 33.0
0 (Br) (Br)
@ M, methanol; B, t-butyl alecohol; E, ethanol. ® Uncorrected. ¢ Oflj ¢ Recrystallized from benzene. ¢ One equivalent of 4-
bromeo-1,2-epoxybutane. N
TasLE I1

NMr DATA ON w-BROMO-8-HYDROXYALKYL DERIVATIVES?

X-CH,-CHOH-(CH,),-Br

Compound CH.Br? (CH)p®
2a 3.52¢ 2.10 (2)
2b 3.42° 1.4-2.1(6)
3 3.53 (2) 2.03 (2)

X-CHy® CHOH* CHOH4 Xe
4.32(2) 3.52¢ 4.90 (1) 7.42 (3)
7.92(2)
4.18(2) 3.42¢ 4.72 (1) 7.43 (3)
8.00 (2)
3.88(2) 4,06 (1) 3.08 (1) 6.92 (3)
7.27(2)

e CDC; solution using tetramethylsilane (TMS) as internal standard; chemical shift values are in parts per million downfield from

TMS; relative areas are in parenthesis.
three protons.

® Triplet; J = 7.0 Hz.

Tasrg I1I

S16NIFICANT IoNS IN THE MaAss SPECTRA OF
w~-BROMO-8-HYDROXYALKYL DERIVATIVES®

X~CH,-CHOH-(CH;).-Br

A
- Compound
Ion 2a 2b 2¢

M+ 298 (1) 326 (0.5) 246 (5)

206 (1) 324 (0.5) 244 (5)
AT 139 (1) 167 (25) 139 (3)

137 (1) 165 (25) 137 (3)
[XCH, + H]+ 160 (43) 160 (55) 108 (14)
[X +2H}* 147 (100) 147 (100)
(X + H]+ 94 (100)

s Mass spectra were obtained at an ionizing voltage of 70 eV,

ScHEME 1

X~ + CH—CH—(CHy,—Br —

la,n=2
b, n =3
c,h=4
OH
HNR
X—CH,—CH—(CH,),~—Br ——%,
0
2a,n=2 - -
hnmd) © @)}/J
3, n=2; X =CH,0—,
H

X—CH;—CH—(CHp),~—N(R),
4

¢ Multiplet centered at value given.

4 Singlet. ° Total integral for

shifts and coupling constants (Table V). Only diethyl
5,6-epoxyhexane-2,2-diearboxylate gave a molecular
ion in the mass spectrometer, but daughter ions con-

Na*[RC(CO,CHy),]~ + 1

—
DMF
7
1
CH,—CH—(CH_),—C(CO,CHs),
8
a,R=H;n=2
bR=H;n=3
¢,R=H;n=4
dR=CH;n=2

taining the side-chain moiety were observed in all
cases (Table VII). These ions, together with all other
prominent ions in the mass speetra, were consistent
with published fragmentation patterns for malonate
esters.’

When the epoxyalkyl bromides and the sodiomalo-
nates were allowed to react in ethanol, bromine-free
products were obtained rather than bromo alcohols
analogous to 2. With diethyl sodiomalonate and 6-
bromo-1,2-epoxyhexane (lc), and with diethyl sodio-
methylmalonate and 4-bromo-1,2-epoxybutane (la),
the products were identified as the epoxyalkyl de-
rivatives 8¢ and 8d. However, the major products
obtained from diethyl sodiomalonate and 4-bromo-1,2-
epoxybutane (1a) and 5-bromo-1,2-epoxypentane (1b)
did not contain an oxirane ring, although some of the
epoxyalkyl derivative 8a was observed by gas-liquid
phase chromatography in the former case.

(8) J. H. Bowie, D. H. Williams, 8. D. Lawesson, and G. Schroll, J. Org,
Chem., 81, 1792 (1966).
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TasLE IV
Eproxy CoMPOUNDS

X—-(éiz}-CH—CH:

Reaction Yield, Mp or — Caled, % - Found, 9p———

Compound X n solvent® % bp (mm)? °C Formula C H N C H N

S5a 3-Quinazolonyl® 2 DMF 40  102-1044 CiHuN.O, 66.7 5.59 13.0 66.9 5.57 12.8

Sa 3-Quinazolonyl® 2 DMSO 68 101-1049

5b 3-Quinazolonyl’ 4 DMF 91 72-754 CiH1eN:0: 68.8 6.60 11.5 69.1 6.72 11.3

6 CH;0 2 DMF 70 58 (0.06) Ci10H120; 73.1 7.37 73.0 7.30

8a (C:Hs0.C)CH 2 DMF 81 87-94 (0.07) CuHi0s 57.4 7.88 57.3 8.00

8b (C.Hs0:.C).CH 3 DMF 59 98 (0.06) 15H 2005 59.0 8.25 59.3 8.32

8c (C:Hs0:C),CH 4 DMF 64 109 (0.06) 18812205 60.4 8.59 60.7 8.73

8c (CH;0:C).CH 4 M 33 108 (0.06)

8d (CszOzC)zé‘CHa 2 DMF 81 80 (0.05) CiaH405 59.0 8.25 59.3 8.51

8d (CzHgOzC)zé—CHa 2 M 42 78(0.05)

s DMF, dimethylformamide;

0
DMSO, dimethy! sulfoxide; M, methanol. *® Uncorrected. ¢ Gfl )—.
N

¢ Recrystallized from

benzene.
TaBLE V
Nwur Data oN Eroxy CoMPOUNDS®
/0 H,
X—(CHa),.—C—}C/
N
o Hb
RN
Compound Hy? Hyp® Hd C—C—CH,% CHsX (CHa)ns% CH(CO0.C:Hs)? CHy/
la 2.58(1) 2.82(1) 3.09 (1) 2.10(2) 3.55 2y
1b 2.47(1) 2.72(1) 2.87(1) h 3.49(2y h
1c 2.48(1) 2.76 (1) 2.90(1) 1.88(2) 3.44 (2) 1.61 (4)
Sa 2.52 (1) 2.78 (1) 3.01(1) 2.00(2) 4.20(2)y
5b 2.49(1) 2.75(Q1) 2.96 (1) 1.90(2) 4.06(2) 1.65 (4)
6 2.44 (1) 2.69(1) 3.02(1) 1.89 (2) 3.99 (2)
8a 2.49 (1) 2.75 (1) 2.92(1) 2.00(2) 1.65(3)4 3.42 (1)
8b 2.49(1) 2.75(1) 2.92(1) 2.00(2) 1.60 (4)4 3.36 (1)
8c 2.44(1) 2.71(1) 2.88(1) 1.90 (2) 1.51 (6)4 3.32(1)
8d 2.49(1) 2.75(1) 2.92 (1) 2.00(2) 1.65(2)4 1.41(3)

s CDCl; solution using tetramethylsilane (TMS) as internal standard; chemical shift values are in parts per million downfield from

TMS; relative areas are in parentheses.

plet centered at value given. ¢ Triplet; J = 7.3 Hz. / Singlet.

Tasre VI

S1GNIFICANT IoNS IN THE Mass SPECTRA OF EPOXYALKYL
DERIVATIVES 5 AND 6°

0
X-—(CH:)»—(éI>CHg

- Compound:

Ion 5a 1] Sc
M+ 216 (20) 244 (27) 164 (11)
M +-CH.0H 185 (12) 213 (3) 133 (5)
[X(CHy)n}* 173 (11) 201 (6) 121 (3)
[XCH; + H]* 160 (19) 160 (74)
XCH,* 159 (21) 107 (13)
(X +2H]+ 147 (100) 147 (52)
X+ H}+ 146 (82) 146 (100) 94 (100)

s Magss spectra were obtained at an ionizing voltage of 70 eV.

The product from the reaction of diethyl sodiomal-
onate and 4-bromo-1,2-epoxybutane (la) in ethanol
was isomeric with the epoxyalkyl derivative 8a. Hy-
droxyl absorption (3450 e¢m—!) and ester absorption
(1725 cm—!) were present in the infrared spectrum. In
the nmr spectrum the presence of two chemical shifts
for the methylene protons of the ethyl esters (6 4.20
and 4.22 ppm) indicated different environments for

b Quartet; Jgem = 5.0, Jirane = 2.2-2.6 Hz.
¢ Triplet; J = 6.5-7.0 Hz.

¢ Quartet; Jyem = 5.0, Joie = 4.0 Hz. ¢ Multi-

» Broad unresolved multiplet 1.5-2.3 (4).

the two ester groups. One rapidly exchangeable pro-
ton at 5 3.02 ppm confirmed the presence of a hydroxyl
group. Based on this information, the product was
identified as diethyl 3-hydroxycyclopentane-1,1-dicar-
boxylate 9; the mass spectrum and the balance of the
nmr spectrum were consistent with this structure as-
signment.
TR=H) + la(n=2) —>
C,HOH
H0r><cozczH5
8a +
CO,C,H;
9

The produet from the reaction of diethyl sodiomal-
onate and 5-bromo-1,2-epoxypentane (1b) in ethanol
was devoid of hydroxyl absorption in the infrared, but
did have absorption aseribable to a five-membered lac-
tone (1770 em~!) and an ester (1735 cm—!). The nmr
chemical shifts, coupling constants, and proton integrals
confirmed the presence of one ethyl ester group and
suggested the presence of a methylene group attached
to an oxygen atom and to an asymmetric carbon atom
with one hydrogen. This data is consistent with
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TasLe VII

S1aN1FICANT IoNS IN THE MAss SPECTRA
OF THE EPOXYALKYLMALONATES®

0, 0,C.H;
CH,—CH—(CHy),—C—R

CO,C.H;
0=C=CR-
EH-(CHQ)n-l—
0
Compound n M+ M*+-OEt CH—CHz:
8a 2 185 (6) 111 (54)
8b 3 199 (4) 125 (14)
8c 4 213 (4) 139 (11)
8d 2 244 (3) 199 (8) 125 (35)

& Mass spectra were obtained at an ionizing voltage of 70 eV.

structure 10, ethyl 1l-oxo-2-oxabicyelo[3.3.0]octane-8-
carboxylate. The remainder of the nmr spectrum and
the mass spectrum also support this structure.

CO,C.H;

7T®R=H) + ® m’ )

10

Discussion

Although reactions of a-halo epoxides have been
extensively studied, the chemistry of the homologs
has received scant attention. Pariselle® has reported
the synthesis of 4-bromo-1,2-expoxybutane and in-
vestigated its reaction with diethyl malonate. Paul
has studied the conversion of 5-chloro-1,2-epoxypentane
into 3-hydroxypiperidine by reaction with amines.
None of these investigations noted any solvent effects
in the reactions of the epoxyalkyl halides.

Nucleophilic displacements on 1-halo-2,3-epoxypro-
panes (epihalohydrins) afford either the 2-hydroxy-3-
halopropyl or the 2,3-epoxypropyl derivatives as pri-
mary products. The former clearly arises by pref-
erential attack at the primary carbon of the epoxide
ring, but the latter could be formed either by direet
displacement of the halogen or via the halohydrin by
reclosure of the oxirane ring. In an effort to determine
the mechanism of reactions affording oxirane products
from epihalohydrins, Waters and Vander Werf? studied
the reaction of alcoholie sodium alkoxides with 3-bromo-
1,2-epoxybutane and 1-bromo-2,3-epoxybutane. The
product in each case was the corresponding 1-alkoxy-
2,3-epoxybutane, establishing that the attack occurred
at the primary carbon atom regardless of the nature
of the substituent on that carbon. With one exception
subsequent studies with other nucleophilic agents have
corroborated theseresults.” Rowton and Russell,® how-

(6) H. Pariselle, Ann., Chim. Phys., 34, 315 (1911).

(7Y R. Paul, Bull. Soc. Chim. Fr., 827 (1945); R. Paul and 8. Tchelit-
cheff, ibid., 385 (1946).

(8) R. C. Waters and C. A. Vander Werf, J. Amer, Chem. Soc., 76, 709
(1954).

(9) T. I. Temnikova and B. A. Ershov, Zk. Obshch. Khim., 33, 2436
(1962); 88, 1405 (1963); T. I. Temnikova and 8. N. Semenora, tbid.,
88, 27 (1965); T. I. Temnikova, B. A. Ershov, and A. I. Arditi, b¢d.,
85, 788 (1965); T. I. Temnikova and 8. N. Semenora, Zk. Org. Khim, 2, 395
(1966).

(10) R. L. Rowton and R. R. Russell, J. Org. Chem., 38, 1057 (1958).
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ever, found that phenol in aqueous sodium hydroxide
reacted with the a-bromoepoxybutanes by initial attack
on the epoxide carbon atom remote from the halogen
bearing carbon to give isomeric a-phenoxyepoxy-
butanes. Thus a solvent effect was indicated whereby
displacement at the oxirane ring was favored regardless
of steric effects.

In our studies with w-halo-1,2-epoxyalkanes both
reactive sites are on primary carbon atoms, thus
eliminating the steric problems encountered by Waters
and Vander Werf. The results with relatively simple
nucleophiles containing an electron pair in a sp? hybrid
orbital establish a pronounced solvent dependency
which can best be explained by hydrogen bonding
effects. The localized nucleophilic site in the anions
of phenol and 4(3H)-quinazolone readily affords a spe-
cific association with the alkylating agent in the transi-
tion state. In aprotic solvents the carbon-bromine
bond is more susceptible to nucleophilic attack, re-
sulting in formation of epoxyalkyl products. In aleo-
holic solvents hydrogen bonding at the oxirane group
weakens the carbon-oxygen bond such that nucleo-
philic attack at this site becomes favored (Scheme IT).
Evidence for this hydrogen bonding is observed in the
infrared spectrum of a mixture of 6-bromo-1,2-epoxy-
hexane (0.2 M) and methanol (0.01 M) in ecarbon
tetrachloride; the absorbance of the free hydroxyl at
3639 cm~! is reduced 379, from that of methanol
alone (0.01 M) in carbon tetrachloride; and a broad
bonded hydroxyl appears at 3523 em~'. An infrared
spectrum of methanol and 1-bromohexane in carbon
tetrachloride did not show evidence of hydrogen bond-
ing effects. Lippert and Prigge!! have studied the
formation of hydrogen bonds between oxiranes and
phenol by similar infrared techniques.

Scueme 11
0
H,—CH~—(CH),—CH,-CBr 228,
2 ( 2)" 2 T solvent

x:(".)/A
0.

X—CH,—(CH,),—CH—CH,

H-OR
( 0
aleohols
CH,—CH—(CH,),—CH,—Br ——
xX:{=)
OH

X—CH,;—CH—(CH,),—CH,—Br

With anions in which the charge is delocalized, e.g.,
diethyl sodiomalonate, solvent effects do not seem to
be important in the initial reaction with w-bromo-1,2-
epoxyalkanes. Exclusive formation of diethyl epoxy-
alkylmalonates 8 is observed from diethyl sodiomethyl-
malonate and 4-bromo-1,2-epoxybutane and from di-
ethyl sodiomalonate and 6-bromo-1,2-epoxyhexane in
alecoholic or aprotic solvents. The more diffuse as-

(11) E. Lippert and H. Prigge, Ann. Chem., 659, 81 (1962).
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sociation between the malonate anion and the alkylat-
ing agent apparently allows the steric effects of the
solvated reacting species to be the controlling factor.
Thus in aleoholic media the halogen-bearing portion
of the epoxyalkyl bromides is less solvated and there-
fore less sterically hindered ; in aprotic media the greater
reactivity of the carbon-bromine bond as opposed to
the nonsolvated epoxide again is the controlling factor.

The reaction of diethyl sodiomalonate and 4-bromo-
1,2-epoxybutane in aprotic solvent gave diethyl
4,5-epoxypentane-1,1-dicarboxylate (8a) as expected.
However, in alcohol these same reactants gave a mix-
ture of two products in which the epoxyalkylmalonate
8a was the minor component. Formation of the major
product, diethyl 3-hydroxyeyclopentane-1,1-dicarbox-
ylate (9), must involve secondary ionization of the
epoxyalkylmalonate, which then can undergo an in-
tramolecular displacement at the primary carbon atom
of the solvated oxirane ring (Scheme III). The con-
cept that 8a can be an intermediate in the formation
of 9 was demonstrated by conversion of the former
to the latter in ethanolic sodium ethoxide.

Scueme III

CH—CH—(CH),—Br + CH(COCHy), G,
0
—

CH,—CH—(CH,);—CH(CO,C,H;),

8a

OR ]

AA

£ o

Q< Py HO CO,CH;
G (e=C—OGH | — T Xeoca.

) .

C
™NocH;
0

- -

Although Pariselle® carried out the condensation
of 4-bromo-1,2-epoxybutane and diethyl sodiomalonate,
he did not thoroughly characterize the product. Based
on a cryoscopic molecular weight and the fact that the
material was halogen free, he assigned the epoxyalkyl
malonate structure 8a to his product. Our results in-
dicate the Pariselle’s material was primarily the cycliza-
tion product 9.

When 5-bromo-1,2-expoxypentane (1b) and diethyl-
sodiomalonate were allowed to react in ethanol, a prod-
uct characterized as the bieyelic lactone ethyl 1-oxo-2-
oxabieyelo[3.3.0]octane-8-carboxylate (10) was iso-
lated. A mechanism similar to that described above
for formation of diethyl 3-hydroxycyclopentane-1,1-
dicarboxylate (9) explains formation of this compound:
secondary ionization of the epoxypentylmalonate 8b,
intramolecular attack on the secondary carbon atom of
the solvated oxirane to give a eyclopentane derivative,
and attack of the primary hydroxyl on a carbethoxy
group to give the lactone 10 (Scheme IV). It is in-
teresting to note that the intramolecular attack on the
epoxide occurred at the more hindered secondary carbon

The Journal of Organic Chemistry

ScueME IV
OR ]
}fu /CH2
\ CH CH, O
P 25
ot !
\/ ~__ §=C—OCH,| —
CH, (:IJ )
1 oCH,
i 0 d
COgCgH5
0
CO,CH;
00202H5 - 0O
CH,0H 10

to give the five-membered carbocyclic ring. This
supports the results of Knipe and Stirling!? who found
that cyclization reactions involving malonates favored
formation of five-membered rings over six-membered
rings by a factor of ca. 108.  Failure to form ethyl 1-oxo-
2-oxabicyeclo[3.4.0]nonane-9-carboxylate (11) during
the condensation of 6-bromo-1,2-epoxyhexane (1c¢) and
diethyl sodiomalonate in ethanol also indicates the
low tendency for cyclizations involving cyclohexane
ring formation.

7(R=H) + 1¢c —— Og)
C,H,0H
CO.C.H;

0
1

Formation of the bieyclic lactone 10 during con-
densation of diethyl sodiomalonate and 5-bromo-1,2-
epoxypentane in ethanol rules out formation of eyclic
produects by initial displacement at the primary carbon
of the oxirane to give the bromo aleohol 12, followed
by intramolecular displacement of bromide ion. This
mechanism would have given the bicyclic lactone 13
containing a cyclohexane ring, a structure which is not
consistent with the nmr spectrum.

7(R=H) + 1b —%—

C,H,OH
OH
Br(CH,—CH—CH,CH(CO,C;Hy), —> COC.H
0
13

Experimental Section

4-Bromo-1,2-epoxybutane (la).—A solution of m-chloroper-
benzoic acid (112 g, 899% pure; 0.578 mol) in 1.28 1. of methylene
chloride was added dropwise with stirring to an ice-cooled solu-
tion of 4-bromo-1-butene (72.5 g, 0.537 mol) in 320 ml of methyl-
ene chloride. After the addition the mixture was stirred at room
temperature for 20 hr, during which time m-chlorobenzoic acid
precipitated. The reaction mixture was washed with 4 N sodium
hydroxide until the aqueous phase remained strongly alkaline
and with water until neutral. The organic phase was dried
(MgS0,) and the solvent removed in vacuo to give 76 g (94%,) of
la. Decomposition occurred during distillation attempts; so
the product was characterized by nmr spectrometry (Table V)

(12) A. C. Knipe and C. J. M. Btirling, J. Chem. Soc., B, 67 (1968).
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and used without purification. 5-Bromo-1,2-epoxypentane (1b)
and 6-bromo-1,2-epoxyhexane (1c) were prepared in an identical
manner.

3-(w-Bromo-s-hydroxyalkyl)-4-quinazolones (2) and 4-bromo-
2-hydroxy-1-phenoxybutane (3), listed in Table I, were prepared
by adding an excess (approximately fivefold) of the appropriate
w-bromo-1,2-epoxyalkane (1) to an alecholic solution of sodio-
4(3H)-quinazolone or sodium phenoxide. After stirring at room
temperature for the specified time, the reaction mixtures were
diluted with water and the the alcohol evaporated in vacuo. The
resultant aqueous solutions were extracted with chloroform, and
the extracts were washed with 109, aqueous sodium hydroxide,
dried (MgSOy), and freed of solvent in vacuo. The residues were
crystallized or distilled to obtain pure products.

Epoxyalkyl derivatives, listed in Table IV, were prepared by
adding 3 equiv of the appropriate w-bromo-1,2-epoxyalkane (1)
to dimethylformamide or dimethyl sulfoxide solutions of sodio-
4(3H)-quinazolone, sodium phenoxide, diethyl sodiomalonate or
diethyl sodiomethylmalonate. After 3 hr at room temperature,
the reaction mixtures were diluted with water and extracted with
chloroform. The extracts were washed with water and dried
(MgS0,); the solvent was removed 7n vacuo. The residues were
purified by crystallization or by distillation.

Diethyl 3-Hydroxycyclopentane-1,1-dicarboxylate (9). A.
From Diethyl Malonate and 4-Bromo-1,2-epoxybutane.—A
solution of 5.40 g (0.034 mol) of freshly distilled diethyl malonate
in 37.5 ml of 1 .V ethanolic sodium ethoxide was stirred for 15
min in an ice bath, after which 28.7 g (0.19 mol) of 1a was added;
the mixture immediately turned yellow and cloudy. After stir-
ring at room temperature for 3 hr, the mixture was poured into
water and the ethanol evaporated in vacuo. The aqueous solu-
tion was extracted with chloroform, the extracts dried (MgSO,)
and concentrated, and the residue distilled under reduced pres-
sure. Two fractions containing product were collected: 1.0 g
(13%,), bp 86° (0.05 mm), containing 87%, 9 and 13%, 8a by glpc
(5% XE-60 on 60-80 mesh Gas-Chrom Q, column 6 ft X 0.0125
in., temperature 120° isothermal); and 2.4 g (31%,), bp 90-91°
(0.05 mm), containing 939, 9 and 7% 8a. The latter fraction
was subjected to spectrometric analysis: ir (liquid film) 3450
(OH) and 1725 em~! (COOC,H;); nmr (CDCL) 8 4.22 and
4.20 (2q, 4, J = 7.2 Hz, OCH,CHj;), ca. 4.3 (m, 1, CHOH),
3.02 (s, 1, OH), multiplets over the range 1.7-2.7 (6, CH,),
and 1.25 ppm (t, 6, J = 7.2 Hz, (OCH.CH;); mass spectrum
(70 eV) m/e (rel intensity) 230 (0.2), 212 (0.2), 202 (9), 185 (9),
173 (100), 167 (4), 160 (6), 139 (28), 127 (56), 111 (38), 83 (39),
67 (29).

Anal. Caled for CuH]gOf,Z
C, 57.10; H, 7.88.

C, 57.38; H, 7.88. Found:
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B. From Diethyl 4,5-Epoxypentane-1,l-dicarboxylate.—A
solution of 8a (2.3 g, 0.01 mol) was dissolved in 10 ml of 1 N
ethanolic sodium ethoxide and the mixture was stirred at room
temperature. Aliquots were removed at intervals, quenched
with glacial acetic acid, and analyzed by glpe. After 1 hr 259,
8a was converted into 9, after 3 hr 559, was converted, and after
15 hr 859, was converted. The reaction mixture was worked up
as described in part A. Careful distillation of the product gave
pure 9 with physical and spectrometric properties identical with
those described above.

Ethyl 1-Oxo-2-oxabicyclo[3.3.0]octane-8-carboxylate (10).—
A solution of 3.40 g (0.021 mol) of diethyl malonate in 25 ml of
1 N ethanolic sodium ethoxide was allowed to react with 17.2 g
(0.10 mol) of 1b and the reaction mixture was worked up in the
manner described for preparation of 9. Distillation of the prod-
uct gave 1.7 g (40%) of 10: bp 77° (0.05 mm); ir (liquid film)
1770 (5-membered lacfone) and 1735 ecm~! (CO.C,H;); nmr
(CDCly) 6 4.25 (q, 2, J = 7.2 Hz, OCH,CHjy), 4.59 (q, 1, Jyem
= 9.4 and Jvic = 8.5 HZ) and 4.10 (q, 1, Jgem = 9.4and Jvic
= 2.8 Hz) both assigned to the CH,0 of the lactone, 3.09 (m, 1,
bridgehead CH), 2.30 (m, 2, CH,C=CO.C.;H;), 1.80 (m, 4,
cyclopentane CH;) and 8 1.27 ppm (t, 3,J = 7.2 Hz, OCH,CHj);
mass spectrum (70 eV) m/e (rel intensity) 154 (10), 153 (12),
126 (15), 125 (24), 111 (8), 109 (23), 108 (13), 95 (15), 81 (100),
80 (17), 79 (24), 67 (26) (no molecular ion).

Anal. Calcd for C10H14O4Z C, 60.59, H, 7.12,
C, 60.86; H,7.18.

Registry No.—1a, 13287-42-8; 1b, 21746-87-2; Ilc,
21746-88-3; 2a, 21746-89-4; 2b, 21746-90-7; 3, 27146-
91-8; 5a, 21746-92-9; 5b, 21779-59-9; 6, 21746-93-0;
8a, 21746-94-1; 8b, 21746-95-2; 8¢, 21746-96-3; 8d,
21746-97-4; 9,21736-07-2; 10, 21746-98-5.
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A series of 18 new, water-soluble alkylating agents was synthesized. The structures contain an alkylsulfonate
group as the alkylating function and a quaternary ammonium salt group attached to a hydrocarbon backbone.

A large body of literature exists on the blocking or in-
hibition of the enzyme acetylchlolinesterase by various
phosphorus poisons.? Thus, alkyl methylphosphono-
fluoridates become attached to the enzyme site, pre-
sumably by phosphonylation of an O-serine component
of the enzyme protein.® The result is that the normal

(1) This work was performed under Edgewood Arsenal Contract DA 18-
108-AMC-262(A).

(2) “Handbuch der Experimentallen Pharmakologie,” Vol. XV, G. B.
Koelle, Subeditor, *‘Cholinesterases and Anticholinesterase Agents,” 1963,
and/or R. D. O’Brien, “Toxic Phosphorus Esters,” Academic Press, New
York, N. Y., 1960.

enzyme funetion of hydrolyzing acetylcholine is pre-
vented. Removal of the phosphonate inhibition has
been successfully accomplished by various oxime “reac-
tivators” such as 2-pyridinealdoxime methiodide (2-
PAM). Reactivation may be complicated, however,
by a phenomenon known as “‘aging’”’ whereby the alkyl
group of the phosphonate inhibitor is cleaved, presum-
ably generating an oxygen anion.* The net result is

(3) N. K. 8chaffer, 8. C. May, Jr., and W. H. Summerson, J. Biol. Chem.,
203, 87 (1953).

(4) F. Berends, C. H. Posthumus, I. V. D. Sluys, and F. A. Deserkauf,
Biochim. Biophys. Acta, 84, 576 (1959).



